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ABSTRACT

A series of tests was performed to measure the combined

effects of nuclear radiation and cryotemperatures on a group

of nonmetallic spacecraft materials. This group consisted

of materials classified as adhesives, seals, thermal insula-

tions, electrical insulations, structural laminates, potting

compounds, sealants, and dielectrics. Typical tests performed

on specimens prepared from the materials included tensile-

shear strength, leakage, ultimate tensile strength, ultimate

elongation, stress-straln characteristics, thermal conductivity,

pull-out strength of potted wire, and T-peel strength. Special

test equipment allowed the specimens to remain submerged in

liquid nitrogen during irradiation and subsequently to be tested

without interruption of the cryogenic environment.

Measured properties of the materials as a function of

integrated neutron flux and gamma dose are reported and rec-

ommendations for use of the various materials in applications

associated with the test environments are made. _/
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REPORTSUMMARY

Research in the field of radiation effects has shown that

drastic changes are effected in various engineering properties

of nonmetallic materials by incident nuclear radiation. The

successful use of nuclear reactors in space vehicles, either

as a major source of propulsion or as a source of auxiliary

power, wlll therefore depend, to a large extent, upon determina-

tion of the radiation resistance of component materials In the

vehicle. The amount of fast-neutron and gamma radiation that a

component can withstand and still function adequately varies

not only from one material to the next, but wlth such environ-

mental conditions as hlghvacuum, cryotemperature, or the com-

bination of these two.

The purpose of thls particular experimental program is to

measure the effects of the combination environments of nuclear

radiation and ambient alr and of nuclear radiation and cryo-

temperature on the engineering properties of selected nonmetallic

materials and to correlate the effects of these environments

wlth different levels of radiation dose. The materials selected

for testing In thls program are representative of those most

likely to be used in nuclear-powered spacecraft. During this

second year's work, these materials consisted of two from each of

the categories of adhesives, seals, structural laminates, potting

compounds, and sealants; three from the categories of thermal

insulations and electrical insulations; and one from the category
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of dielectrics° Representative tests included those sufficient to

measure the ultimate tensile strength, ultimate elongation, stress-

strain in tension, tensile shear strength, thermal conductivity,

pull-out strength of potted wire, and T-peel strength° The radia-

tion source for the experiment was the Ground Test Reactor (GTR)

located at the Nuclear Aerospace Research Facility (NARF) of

General Dynamics/Fort Worth°

The procedure for the cryotemperature tensile tests was to

position the test specimens in the cryogen chamber of the experi-

mental assembly and locate the assembly next to the face of the

reactor core. The irradiation was carried out with the specimens

submerged in liquid nitrogen (LN2)o Operation of the reactor was

terminated after the required radiation dose was achieved, and

the specimens were pulled in tension while still submerged in

cryogen°

For the ambient-air irradiation, tensile specimens were

tied to expanded-metal racks and positioned next to the face of

the reactor core in a framework open to the atmosphere. Subsequent

tensile tests were carried out with an Instron machine in the

Irradiated Materials Laboratory (IML) o

Thermal-conductivity measurements were made on thermal

insulation materials at ambient_air and LN 2 temperatures before

irradiation and on specimens at LN 2 temperature after irradiation

at LN 2 temperature°

For each tensile specimen, six data points were recorded

during each test on each material. These included those obtain-

able from all combinations of three radiation doses -zero,
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relatively low[_lO 9 ergs/gm(C) 3, and relatively high KNlO I0 ergs/

gm(C) _- and two temperatures.ambient-air and -B20°F_ Because

of difficulties encountered with test equipment, tests originally

scheduled to be conducted with liquid hydrogen were postponed

until a later date.

A brief resume of the results of the tests on each material,

along with tentative recommendations for its usefulness in appli-

cations associated with the pertinent test environments, is shown_

in the "results" portion, Section VI, of this report.
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FOREWORD

NASA contract NAS 8-2450 was initiated 9 November 1961. Under

this contract, the Nuclear Aerospace Research Facility of General

Dynamics/Fort Worth ls Investlgatlng the effects on selected non-

metallic materials of environmental factors likely to be encounter-

ed by nuclear-powered spacecraft. The work ls being performed

specifically for the Propulsion and Vehicle Engineering Division,

Engineering Materials Branch, of the George C. Marshall Space

Flight Center, Huntsville, Alabama.

The report on the first year of work (9 November 1961 to 8 Nov-

ember 1962) appears In two volumes as GD/FW Report FZK-161-1 and -2°

In the first volume, results of tests on materials irradiated in

vacuum are reported; In the second, results of tests on materials

irradiated at cryotemperatures are reported.

The work performed during the second year under the contract

is reported in GD/FW Reports FZK-188-1 and FZK-188-2. The first

volume deals with the effects of radiation on materials In a vacuum,

both at ambient temperature and at cryotemperature. The second vol-

ume (this report) concerns the effects of radiation on materials at

cryotemperature.

The authors wlsh to acknowledge the valuable services of the

following people at NARF who have helped make these tests possible:

Dr. R. P. Lightfoot for material selection and specimen preparation;

F. F. Fleming for nuclear radiation measurements; E. E. Baggett and

D. C. Bubson for assistance in equipment design; R. E. Miller for de-

slgn and operation of the electronic test instrumentation; J. E. War-
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wick for operation of vacuum systems_ C. E. Morgan for design and

operation of a bearing lubricant test; G. D. Martin for data analy-

sis; and J. B. Wattier for statistical analysis.
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I . INTRODUCTION

Considerable effort has been expended in the past several

years toward measuring the effects, individually, of nuclear

radiation and of cryotemperatures on various classes of materials,

particularly those materials which have been used in or have

potential application to space vehicles. Up until the present

NASA program at NARF, very little data had been accumulated that

showed the combined effects of these two environmental factors.

This was due, in part at least, to the difficulty of designing

and fabricating equipment suitable for performing tests under

these extreme conditions.

The annual report of the second year's effort on the pro-

gram is presented in two volumes. Volume I (Ref. l) presents

data on the effect of radiation on materials while in an environ-

ment of air, vacuum, or vacuum and cryotemperature. Volume II,

reported here, covers the effects of radiation on materials while

in an environment of air or liquid nitrogen. The distribution

list at the end of this report lists the facilities that received

the two reports.

The vacuum report (Ref. l) deals with the results of tests

on 50 materials suitable for spacecraft service. These materials

were selected from the application categories of adhesives, seals,

thermal insulations, electric insulation_ dielectrics, structural

laminates, potting compounds, and lubricants. Some materials were

tested in vacuum before removal from the vacuum-irradiation

1



environment, but most materials were tested in alr after irradiation

in vacuum or air. All application categories but lubricants were

tested in the cryogenic test program and are reported here. Sealants

were also tested.

During the first year of these experiments (1962), part of

the test program was designed to provide radiation effects data on

12 materials while in air, liquid nitrogen, or liquid hydrogen.

These tests were performed on slx different classes of materials -

adhesives, seals, thermal insulation, electrical insulations, struc-

tural laminates, and thermal-control coatings (Ref. 2). The second

part of the program was designed to provide radiation-effects data

on 47 materials while in either vacuum or air during irradiation

(Ref. 3).

The selection of specific materials for this program was based

on considerations involving the past history of their use in space-

craft, potential use in this application, and knowledge of their

properties after separate exposure to radiation and cryotempera-

tures. Measurements included tensile-shear strength, ultimate tensile

strength, ultimate elongation, stress-straln characteristics, leak-

age, thermal conductivity, pull-out strength of potted wire, and

T-peel strength. Tests for each tensile speclmen were performed

under six different conditions consisting of the possible combi-

nations of three radiation doses (zero, relatively low, and rela-

tively high) and two temperatures (ambient-air and -320°F).

In the low-temperature portions of the experiment, the speci-

mens not only were irradiated while submerged in LN2, but were tensile-

2



tested while still submerged in the LN 2. This factor in the experi-

ment should be emphasized. It points to the fact that any anneal-

ing-out of radlation-induced defects resulting from warmup to room

temperature prior to testing was eliminated, thus providing a measure-

ment of the true conditions that exist in materials that have been

exposed to and are to be used in this combination environment.

3
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II. RADIATION FACILITY

2.1 Radiation Source

The radiation source used in these tests was the Ground

Test Reactor (GTR), a heterogeneous, highly enriched, thermal,

reactor utilizing water as neutron moderator and reflector,

as radiation shielding, and as coolant (Ref. 4). Maximum power

generation is 3 Mw.

The irradiation pool, shown in Figure 2.1, is divided into

two sections.* The reactor is located in the water-filled south

section, and the components to be irradiated are located in the

dry north section. The reactor closet in the center of the pool

divider extends into the irradiation cell to provide three sides

for irradiation. The corresponding irradiation positions - east,

west and north - are clearly visible in Figure 2.1. In this

figure, the reactor is in the fully retracted position on the

horizontal positioning mechanism. This mechanism enables the

reactor to be positioned at any distance from 2 to 90 in. from

the north face of the closet and will traverse the reactor the

full 88-in. distance in 1 min, giving an effective source ter-

mination time of lO sec.

The reactor closet Is constructed of 1-1n. aluminum plate

and is partially covered by 1/4-1n.-thlck boral to attenuate

*The GTR facility has been modified since the tests reported

in this document were performed. For details, see NARF

Facilities Handbook, GD/FW Report FZK-185 (March 19Bq0"_.
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thermal neutrons° The boral extends 36 in. east and west along

the pool divider from the closet and 36 in. up and down from the

horizontal centerllne of the reactor. The centerllne is 57 Ino

above the cell floor.

The neutron spectrum (Ref. 5) of the GTR in a water moderator

has been measured to be Maxwelllan at thermal energies (E < 0.48 ev),

approximately proportional to E-I from about 0.5 ev to 0.i Mev,

and essentially a fission spectrum for higher energies. The shape

of the neutron spectrum has been mathematically altered to account

for the attenuation of the thermal flux by the boral surrounding

the reactor in the dry-pool configuration. The resulting spectrum

has been shown to represent the actual spectrum quite accurately

(see Fig. 5.1 in Section V).

Flux measurements have been made in the thermal-, epithermal-,

and fast-neutron energy ranges by use of a variety of thermal, re-

sonance, and threshold detectors. Fast-neutron flux measurements

(E> 2.9 Mev) made on the dry side of the reactor closet with the

boral in place agree well with those made on the wet (or reactor)

side. The measured thermal flux is in general agreement with

that obtained by integration of the analytical curve (Fig. 5.1).

2.2 Radiation Effects Test Facility

Adjacent to the north wall of the irradiation cell is the

handling area. Equipment permanently installed in the handling

area includes a gas-monltorlng system, a Davis explosion meter,

and environmental conditioning equipment for the Radiation

Effects Testing System. Figure 2.2 is a view looking south.
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It shows the concrete pool shields, the irradiation pool, the

shuttle system, and the handling area.

An integral part of the NARF Radiation Effects Testing

Facility is the shuttle system, which is used to move items to

be irradiated into position next to the reactor closet. This

system consists of cable-drlven dollies mounted on three sets

of parallel tracks. The tracks extend from the irradiation

positions adjacent to the closet, up an incline to the north

wall of the irradiation cell, and to a loading area on the ramp

Just north of the handling area. The system can be operated

from either the control room or the dolly motor-drlve shed on

the north ramp. Full-coverage televlewlng of the entire shuttle

system is provided by means of a closed-clrcult television system

in the control room.

9



III. TEST EQUIPMENT AND PROCEDURES

Evaluating the effects of various combinations of radia-

tion, air, and liquid nitrogen on engineering materials requires

the use of special techniques and equipment. In this section, a

general description of the equipment and procedures used in this

test program is given. For a more detailed description, the

reader is referred to the first annual progress report published

under this contract (Ref. 2).

3.1 Amblent-Air Static Test

Specimens used in the amblent-alr irradiation test were

wired to expanded-metal trays and the trays installed in slots

of an aluminum box frame like that shown in Figure 3.1. The box

frame, in turn, was fastened to one of the shuttle-system dollies

and positioned next to the reactor face.

Specimens scheduled to receive the same radiation dose were

wired to a tray in a circular pattern. This arrangement was

necessary because of the essentially circular pattern of Isodose

lines that exists in planes out from and parallel to the reactor

face during irradiation. Different doses were obtained by plac-

ing the specimen trays at predetermined distances from the reac-

tor face.

At the completion of the amblent-alr irradiation period, the

trays were removed and delivered to the Irradiated Materials

Laboratory (IML), where they were stored until the specimen radio-

activity had decayed to a level safe for handling and testing by

ll
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hand. The specimens were then removed from the trays and tested

at room temperature in a Model TT Instron machine.

Ambient-air control and amblent-alr irradiated specimens of

the dumbbell, lap-shear, T-peel, and wire-pull type were tensile-

teated in the Inatronmachlne. Two clevises of the same type as

those used to mount specimens on the pull rods in the experimental

assemblies were installed in the Instron to ensure specimen load-

Ing conditions duplicating those in the experimental assemblies.

The pull rates used in testing the different ambient-alr specimens

in the Instron agreed closely with those shown in the appropriate

ASTM specification.

3.2 Cryogen!c Test

3.2.1 Experimental Asaemblp

The assembly used for testing materlals at cryotemperatures

in a nuclear-radiatlon field is shown in Figure 3.2. The photo-

graph shows the front, side, and back of the complete assembly

mounted in a support frame. During operation the support frame,

with the experimental assembly installed, is fastened to a dolly

on the shuttle system, which automatically positions it next to

the face of the reactor.

Figure 3.2 also shows an exploded view of the assembly

with the tensile-pulllng section removed from the cryogen dewar.

The tensile-pulling section consists of two main partsz (I) an

upper structure containing ten hydraulic cylinders, a cylinder

mounting frame_ ten pull rods, ten linear variable differential

transformers (LVDT's), and ten motors with corresponding LVDT

13
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coil traverse assemblies; and (2) a lower section containing the

specimen-mounting structure and ten pull-rod clevises to hold the

specimens. These two main sections are bolted to a common plate

which serves as the cover for the dewar. This plate contains pull-

rod risers wrapped in heater coils to prevent ice build-up on the

pull rods, a cryogen inlet tube, evaporated-cryogen outlet pipe,

pressure transducers, and holes for mounting the llquid-level probe

and for passage of thermocouple leads. More detailed information

on the assembly can be found in Reference 2.

The LVDT,s were used to measure the movement of the pull rods

to an accuracy of _ 0.O01 in. over a range of 0.60 in. The LVDT

core was mounted on the pull rod, and the LVDT cell was attached to

a motor-drlven traverse assembly which can reposltlon the coil

over a 4-ino vertical range.

One of the experimental assemblies utilized five O- to lO00-

lb range dynamometers mounted in llne with the pull rods. These

dynamometers measured load on the specimens directly rather than

indirectly through the hydraulic servo system and Instron test-

ing machine.

3.2.2 Dewar

After completion of the 23 April 1963 irradiation, exami-

nation of the dewars revealed that small detonations had taken

place during the test, causing the inner walls of the dewar to

rupture (see Fig. 3.3). Reasons for the detonations, a de-

scrlption of a subsequent LN 2 investigation, and a discussion of

the resultlng.changes to the dewar design are presented in Appendix

D.
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During the course of repair of the ruptured dewar, the

decision was made to conduct, during the next irradiation test,

a parallel experiment to measure the effectiveness of cold

nitrogen gas as an insulation against heat flow from the outer

walls of the dewar to the LN 2. Vacuum insulation was elimi-

nated. Instead, i/4-in.-dlam holes were drilled on 2-1n.

centers around the top edge of the cryogen chamber. Additional

holes were drilled in the bottom of the outer vacuum-chamber

wall. This arrangement allowed evaporated cryogen to flow into

the vacuum chamber at the top, down around the sides of the

cryogen chamber, out of the vacuum chamber and into the next

chamber at the bottom, up the side of this chamber, and out to

the atmosphere through a 1-1n.-dlam outlet port (see Fig. D-1

in Appendix D).

This method of insulating the dewar proved to be as

effective as insulating with a vacuum, and it eliminated the

maintenance necessary when using a vacuum. Consequentl_ all

three NASA dewars were converted to this cold-gas-flow arrange-

ment, and these modified dewars were used in subsequent liquid-

nitrogen tests.

3.2.3 AccessorF Equipment

A Model TT Instron machine was used to control piston

movement in the hydraulic cylinders on the experimental assembly.

A "master" hydraulic cylinder was connected to the crosshead of

the Instron. This cylinder was connected by hydraulic lines

through a selector panel to the experimental assembly "slave"

hydraulic cylinder. Forces exerted by the Instron machine were

17



thus transmitted indirectly to the specimens in the experimental

assembly@ During cryogenic control runs or irradiations, the

Instron chart recorded, as a function of time, loads applied to

the piston of the master cylinder° The actual load on the speci-

men was determined by subtracting the tare load (which consists of

drag on the master-cylinder piston plus drag on the slave-cylinder

piston and pull_rod risers) from the master-cylinder loado

A Model 150-1100 Sanborn Carrier Preamplifier was used in

conjunction with a basic Model 150 Sanborn oscillograph to record

on a chart the movement of the pull rod (LVDT output) as a func-

tion of time. For pull rods with dynamometers attached, another

carrier preamplifier channel was used to record on a chart the

dynamometer load as a function of time. In this case, the actual

load on the specimen was determined by subtracting from the dyna-

mometer load the drag load caused by the pull-rod-riser seal.

The Instron and Sanborn charts were pipped simultaneously at

intervals during the recording of data to provide time correla-

tion.

The cryogen liquid level in the dewar was monitored by an

instrument designed by NARF personnel for this purpose° The

dewar llquid-level probe consisted of seven 1000-ohm carbon re-

sistors installed at various intervals along the probe° Cryogen

coming into contact with the resistors resulted in a large in-

crease in resistance° This change in resistance triggered a light

on the facility instrument panel corresponding to a particular

liquid level. To control the cryogen level in the dewar, a thermo-

couple was installed in the probe at the point where the cryogen

18



level was to be maintained° The output voltage from this thermo-

couple was fed into a Bristol Recorder which, in turn, pneumati-

cally controlled the dewar supply valve on the cryogen-supply

manifold. An increase in temperature above LN 2 temperature re-

suited in a corresponding increase in the valve opening.

The cryogen-chamber pressure was measured by a 25 pslg

potentiometer-type Colvln pressure transducer. The output from

this transducer was recorded on a Westronlcs recorder.

Further information on all cryogenic experimental assem-

bly accessory equipment can be obtained from Reference 2.

3.3 Thermal-Conductivity Test

This test involved measuring the thermal conductivity

of various rigid, organic, foam-type thermal-lnsulation materials

over a temperature range of from +90 ° to -290°F after exposure

to a "relatively low" and a "relatively high" dose of nuclear

radiation.

3.3.1 Basic Plan of Tester

A system of three concentric cylinders was used. The

inner cylinder was made of copper and served as a cylindrical

heat source. The middle cylinder was made of the insulation

material (test specimen), and the outer cylinder was constructed

of either copper or aluminum and served as a housing for the

assembly. Figures 3.4 and 3.5 show the vertical and horizontal

cross sections, respectively.

It is obvious from the geometry that the thermal conductivity

kml of the test specimen is much lower than the thermal conduc-

tivity km2 of the outer casing. Therefore, for the test con-

19
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figuration used in this experiment,

2_h (TIoT 2)

where T1 and T2 are the temperatures at D 1 and D2, the inner and

outer diameters(approximately) of the test specimen (see Fig. 3.5)_

Validity of the above expression for kml depends upon the

complete expenditure of the heat generated by the test heater power,

q, radially through the test specimen and over the total length, h,

of the test heater° Figure 3°4 shows the "effective" length of

the test specimen to be h and shows the location of the test heater

as a coil of wire wrapped in grooves on the inner cylinder. The

relatively small value of 5 Ino for h requires a guard heater on

each end of the assembly to ensure radial distribution of all the

heat generated in the test heater°

Five pairs of thermocouples were used to obtain Tlo The

thermocouples in each pair were mounted 180 ° from each other in

a plane perpendicular to the longitudinal axis of the heaters°

They were positioned 1/8 ino deep into the foam from the heaters

(see Fig= 3.5)° Fairs 2, 3, and 4 were used to record the inner

temperature of the foam adjacent to the heater along the length

h, and the six recorded temperatures were averaged to arrive at

a mean value for TIo

Fairs i and 5 were used to monitor the temperature of the

foam adjacent to the end (or guard) heaterso Power to the guard

heaters was varied during a data cycle to ensure that the average

22
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of temperatures recorded for thermocouples in pairs 1 and 5 matched,

respectively, the average of those recorded for thermocouples in

groups 2, 3, and 4. This assured the radial distribution of all

energy generated by the test heater.

Two additional thermocouples in the same plane with pair 3

were used to determine temperature T 2 of the test specimen at a

point 1/8 in. into the foam from the outer surface of the test

cylinder (see Fig. 3.5). The two temperatures were averaged to

obtain a mean value for T 2. As mentioned above, values of D1 and

D 2 are equal, respectively, to the distances between the thermo-

couples used to measure T 1 and those used to measure T 2. Three-mll

thermocouple lead wire was used to minimize conduction losses from

heat generated in the test heater for expenditure through the test-

specimen foam.

The end insulators, cylindrical core for the heaters, and

heater spacers were made from Mycalex, a glass-bonded mica. The

heater wire was fiber-glass-covered constantan. This wire has

a diameter of 0.003 in. and a resistance of 29 ohms/ft. Leads

for the heaters were 20-gage stranded wire.

3.3.2 Orlginal Thermal-Conductivity Tester

Two models of the thermal-conductivlty tester were used in

the test program. Some differences between these models were:

(i) the outer cylinder construction, (2) the inner foam cylinder

construction, (3) the method of thermocouple installation, and

(4) the construction of the tester mounting assembly.

The prototype model used an outer cylinder made of copper.

The procedure for assembling this model was to mount the test
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heaters, heater leads, Mycalex end pieces, thermocouples, and

thermocouple leads into final configuration within the copper

outer cylinder@ Then the heater leads were carried out of the

unit through the core of the Mycalex cylinder, and thermocouple

leads were carried out through the center space where the test foam

was to be located@ After installation of all wiring and thermo-

couples in the unit, test specimens made from foam materials

such as Stafoam AA-402, AA-602, and CPR-1021 were prepared by

mixing the foam components, pouring them into the container, and

allowing the mixture to foam to the top and solidify@

Approximately nine test units were foamed in this manner.

This assembly method, however, produced several problems. Amounts

of foam components sufficient to free-foam a volume slightly

larger than the center cylinder were used. But with a container

such as this, closed on nearly all sides, the resulting density

of the foam after solidification was significantly greater than

that which would be obtained by foaming in free-space@ This, of

course, prevented a strict comparison between published k-value

data and data taken in these tests, because published data are

mostly based on densities resulting from free-foam conditions.

Problems were also encountered after the test units were

foame_ problems that were magnified by the impossibility of

making changes or repairs within the unit after the foam was in

place. For example, open circuits in heaters and thermocouples

were discovered in several of the units after completion of the

foaming operation, thus rendering the units useless for thermal-

conductivity measurements. In these cases, no data were taken.
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In some units where the number of open circuits was small (perhaps

two or three thermocouples) the data were taken,but were subsequently

Judged as being unreliable.

Two of the units that were foamed successfully and appeared to

provide reliable data during ambient test conditions produced data

that varied widely at cryotemperatures. Accumulated evidence in-

dicated that leaks were developing in the epoxy used to seal the

top and bottom caps on the tester. When different sealing compounds

were used, better integrity of the units was realized at cryotem-

peratures, but the use of these different compounds did not com-

pletely eliminate the problem. Figure 3.6 shows one of the proto-

type models that was cut in half, longitudinally, to permit view-

ing the internal construction of the unit and to Judge the quality

of the foamed-ln-place test specimen.

3.3.3 Modified Thermal-Conductivlty Tester

As a result of the problems described above, a second model

of the thermal-conductlvity tester was designed with corrective

modifications. The outer cylinder and bottom and top caps were

made of aluminum, primarily because of the short-half-life radio-

activity of this material. The top cap was reconstructed with an

integral flange suitable for mating to another flange attached to

the outer cylinder. This permitted the cap to be bolted and sealed

with an indium-wire gasket for a positive alr-tlght Joint that

could be disassembled and reassembled without difficulty. The

bottom cap of the test unit was soldered to the outer cylinder.

Figure 3.7 shows a redesigned connecting tube used to join

the test unit to the top plate of a dewar. This tube, made from
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aluminum, served to support the unit and to furnish a housing

for heater and thermocouple leads. This assembly arrangement

provided for a portion of the tube, along with the test unit,

to be submerged in cryogen during low-temperature operation.

The submerged portion of the tube furnished a radiation heat

sink for the heat being conducted from outside the dewar, through

the electrical leads toward the test assembly. All electrical

leads from the test unit passed through Kovar seals at the top

of this extension tube. The flange in which the Kovar seals

were soldered in place was bolted to another flange soldered to

the top of the tube and the Joint sealed with an indium-wire

gasket.

The sealing arrangements permitted a vacuum to be pulled

on the connecting tube and the test unit whenever the unit was

submerged in liquid nitrogen. This prevented the accumulation

of condensate, ice, or liquid air in various openings and cre-

vices that existed in the unit.

Another method of constructing the middle cylinder (test

specimen) was devised in lleu of the foam-in-place operation.

This involved machining blocks of foam into cylinders that

could be inserted into the tester. Four foam cylinders were

constructed in this manner, although the inner diameter of two

of these was considered too large to allow proper contact with

the test-heater cylinder. These latter two were used for trial

and error experiments in installing thermocouples.

After some difficulty, thermocouples were installed success-

fully in one machined-foam cylinder of C£R-20-2 and one cylinder
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of CPR-I021-2 by means of a modified hypodermic needle. This

method of assembly provided good contact between the thermo-

couple Junction and the foam. The test heater core assembly was

then inserted into the foam cylinder, the foam cylinder posi-

tioned into the outer cylinder, wiring connected, and the entire

assembly mated and sealed.

This new approach to construction of the unit allowed repairs

and alterations to be made more readily. Figures 3.4 and 3.5

show dimensions and basic details of the later model tester.

Figure 3.8 is a photograph of two of the assembled test

units mounted to the top plate of the test dewar. Figure 3.9

is an exploded view of the unit and Figure 3.10 is a photograph

of the instrumentation used in the experiment. Power was supplied

to the heaters by a regulated dc power supply. The power could

be varied manually. A Rubicon Potentiometer and/or Kintel ampli-

fier plus a Non-Linear Systems Digital Voltmeter was used to

measure the output of the thermocouples, and the heater power.

3.3.4 Test Procedure

The technique for making k-value measurement involved the

gradual application of heat to the test and guard heaters until

T1 (measured by thermocouple pairs 2, 3, and 4) exceeded T 2 by

30 ° to 50°F. After a reasonable stabilization time for thermo-

couples in pairs 1 through 5, the temperatures were recorded and

averaged and the average values for T 1 and T 2 substituted into

the equation for kml (Section 3.3.1). Corresponding values of

q, in watts, were changed to Btu/hr and also substituted in the

same equation.
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As noted above, the experiment was planned to measure k

for rlgid-foam materials over a range of temperature from +90°F

to -290OF. The +90°F datum point was determined by taking mea-

surements while the tester was suspended in air at room tempera-

ture. Air was circulated around it with an electric fan. The

-290°F point was determined by submerging the test unit in LN 2.

Values for kml are reported in engineering units of Btu-in./ft 2-

hr-°F.

For the irradiation portions of the experiment, the test

units were mounted in the dewar and the dewar placed in irradia-

tion position next to the face of the reactor closet. During the

irradiation, LN 2 was maintained in the dewar at a level B in. above

the top cap of the unit. After the unit had received the pre-

scribed dose of radiation, the reactor was shut off and a k-value

measurement made as a postirradiation operation. The planned

doses were specified in terms of the gamma portion of the incident-

radiation and amounted to 109 ergs/gm(C) for the low dose and

lO lO ergs/gm(C) for the high dose.
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IV. TEST MATERIALS

4.1 Basis for Selection

The selection of materials was based upon previously ob-

served properties of the materials (and/or families of materials)

in various applications and environments. Desired properties

and applications, in order of importance for selection for test-

ing in this experiment, are as follows:

io Engineering properties suitable for use in rocket

vehicles. Retention of these properties at cryo-

temperatures. Retention of these properties after
irradiation. Previous successful use in rocket
vehicles.

1 Engineering properties suitable for use in rocket

vehicles. Retention of these properties at cryo-

temperatures. Possible (but not previously mea-
sured) retention of these properties after irra-

diation. Previous successful use in rocket vehicles.

. Engineering properties suitable for use in rocket

vehicles. Possible (but not previously measured)

retention of these properties at cryotemperatures.

Insignificant degradation of properties due to
radiation. Previous successful use in rocket ve-
hicles.

4. Engineering properties suitable for use in rocket

vehicles, and previous successful use in rocket
vehicles.

• Engineering properties suitable for use in rocket
vehicles.

Seven material categories were originally specified for test-

ing: _dhesives, structural laminates, seals, sealants, electrical

insulations, thermal insulations, and potting compounds. As the

program progressed, Teflon was added as a dielectric material.
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It was tested under LN 2 temperature conditions only, ambient-air

data having been obtained in the 1962 program (see Refo 2)o

As noted above, the procedure used for selection of the

materials was based upon a series of five combinations of desir-

able properties and applications, with an order of importance

to be used in the process of elimination° This series was used •

primarily as a reference in the selection procedure and not as

an ironaciad rule, because other factors not listed became in-

fluential in some cases°

One additional, and i_oortant, consideration was whether

or not the material had been tested in the first year's work

under the radiation_vacuum section of the original contract°

If a material had not been tested in the radiation_cryotempera-

ture environment during the first year but had been tested in

the radiation-vacuum environment and had demonstrated good re-

tention of its properties, then it was considered to be a prime

candidate for consideration under the cryogenic portion of the

1963 program°

4°2 Material Description

All materials scheduled for testing in the 1963 program

were selected and ordered from sources of supply during the

first quarter of operation° Most of these were received at

NARF during the month of March° Rigid _urethane-foam blocks of

CFRm20 and CPR-1021 were procured in October after the foamed-

in-place system for the thermal-conductivity test assembly failed

to function satisfactorily° Teflon TFE-7 (Material Q) was added
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to the original list to be tested in LN 2 during the fourth quarter

of operation.

Table 4.1 lists all the materials selected along with the

code letter of each, the trade name, the manufacturer, the chemical

type or class, and the test plan. Preparation of the specimens is

described below and in Appendix A.

4.3 Specimen Preparation

As soon as the materials scheduled for testing started to

arrive, specimen preparation began and continued throughout the

contract period. Improvements and modifications were made in the

tensile dumbbell configurations and design several times during

the year in an effort to continually improve performance. Modi-

fications and alterations to the ASTM test specifications were

required in order to adapt specimens to the cryogenic test assembly.

The diversification of material types required different

and distinct specimen configurations. The Scotchweld AF-40 and

Aerobond 422J adhesives tested for tensile-shear strength under

ASTM D-1002 required lap-shear type specimens. Viton-B 0-rings

were tested as received in the leak-test assembly. Efforts were

made to foam-in-place the thermal insulations Stafoam AA-402 and

CPR-I021 in the thermal-conductivity container, but results were

unsatisfactory and these materials were replaced by the rigid

foams CPR-20 and CPR-1021 machined to fit the container. Potting

compounds Epon 828/Z and EC-R273B/A were cast in special wire

holders of a NASA-NARF design. Sealants EC-1949 and EC-1663 were
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tested as T-peel specimens under ASTM-D-1876 (modified). The

remaining materials tested were prepared in the form of tensile

dumbbells according to ASTM D-412 or D-828, with modifications as

shown.

Special arrangements for testing the specimens under cryo-

genic conditions required modifications in the construction of

the specimen ends in order to pull the test specimens by remotely

controlled equipment. In addition, the dumbbell-type and lap-shear

type tensile specimens of nonmetallic materials required aluminum

doublers on the ends for added strength in the slotted-hole section.

The doublers were bonded according to Shell technical instruc-

tions. The acld-dlchromate-etched 2024-T3 Alcad aluminum alloy

doublers were bonded with Shell Epon 934. After drying overnight

under Just enough pressure (C-clamp) to obtain good bonding contact,

they were oven-cured for I hr at 200°F. The surfaces were cleaned

with methyl ethyl ketone (MEK) before bonding. The bonds held

very well in LN 2.

For the ambient-alr and low-dose LN 2 irradiations, only enough

specimens were fabricated to reveal any testing problems that might

arise as a result of specimen shapes or sizes, doubler application,

or slot drillings. These problems could then be corrected in

specimens used in succeeding tests. This approach proved to be

advantageous, since modifications to the original specimen designs

were necessary.

The Dow Cornlng 2104 silicone laminate delaminated in the

doubler section when submerged in LN 2. For subsequent runs, the
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doublers, in addition to being bonded, were riveted at the four

corners of the long doublers and at the outside corners of the

short doublers. All silicone laminates, when riveted, held in

the doubler section.

The Geon 8800 speclmensbroke in the doubler sections and,

in some cases, the doublers came off. In an attempt to prevent

this breakage, the aluminum doublers were replaced with Geon

doublers. The Geon doublers helped, but some specimens still

broke in this area when tested in LN 2. To further reduce un-

desirable stress in the ends of Geon 8800 specimens, the center

cross section of the remaining specimens was changed from a wide

to a narrow gage. Results of these modifications will be reviewed

in the data sections.

The Polymer-SP specimens did not break in the middle of the

gage section; instead, they broke near the doublers and were often

remove_ from the experimental assembly in several pieces. The

center section was then reduced from the initial wide gage to the

narrow gage, but the results were essentially the same as before.

The John L. Dote Company of Houston supplied Teflon TFE-T

specimens with etched ends that proved to be very satisfactory

when properly bonded under pressure to aluminum doublers.

Drawings of the lap-shear specimens, giving dimensions and

arrangements of doublers, are shown in Figures 4.1 and 4.2. In

the initial dumbbell tensile-speclmen design, the nonlaminate

plastics were prepared with a 1/2-in. gage width. Some modifi-

cations were made as noted above. The laminates were designed

42
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Specimen No. 6

Specimen No. 5

Specimen No. _ --_

I/I 6"

(typ all

4.00"

nPc 17,466

2.188"

Adhesive s_rea
0.50 in_)

-- ---- ]0.75"

_--9/16" diam

(Cyp)

Figure N.I Sketch of Lap-Shear Specimen: Material A
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NPC 17,h67

7.5o"

2.75"

l

1/16"

(typ all pieces)

1.50"

_l

Specimen

No. 3

Specimen

No. 2

Specimen

No. i

Adhesiveln_)ea

_.75"

1.00"

_1_

Figure 14.2 Sketch of Lap-Shear Specimen: Material B



with a I/4-in. gage width. All tensile dumbbell materia_had a

nominal sheet thickness of 1/8-in. Figures 4.3 and 4.4 show details

of the two dumbbell-type designs. Figure 4.5 is a drawing of the

potted-wlre tester, and Figure 4.6 is a drawing of the T-peel speci-

mens.

In a few cases, the slotted holes were moved and arranged

differently and the doubler lengths varied slightly for convenience

or as a safety measure, but the specimens all had the essential

features illustrated in the figures.

Table 4.2 lists all the materials prepared as specimens,

along with the number of specimens tested under various conditions

in the ambient and LN 2 tests. A total of 352 specimens of the 13

materials were tested. The thermal-conductivity materials and the

leak-test specimens are not included in this table.
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NPC 17,468

9.75"

0.125"

9/16" diem I

\
\

2.2_"

R 3.00"

(typ) -_

-2

Specimen No.l--_

Specimen No. 2-

Specimen No. 3- _,_

Specimen No. 4-- _,_

1.25"

L_

J

'!I

I

0.500" + 0.002"

Figure q.3 Sketch of Dumbbell-Type Specimen: Materials

I, Q, and Original D and H
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I0 57"

I
I. 625"

I

Figure q.q

9/16" dism--

\

\

\

Specimen No. 2

Specimen No. 3

0.063"
(typ)

NPC 17,469

1 •O0"

____[_

Sketch of Dumbbell-Type Specimen: Materials
J, K, and L and Modified D and H
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NPC 17, _70
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Figure }4.5 Sketch of Potted-Wire Tester: Materials
M and N
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NPC 17,_71

0.375" (typ)

Figure 14.6 Sketch of T-Peel Tester (Types A &.B):
Haterials 0 and P
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Table 4.2

Total Number of Specimens Tested
I

Code

Letter

A

B

D

H

I

J

K

L

M

N

0

P

Q

Material

Scotchweld AF-40

Aerobond 422J

Polymer-SP

Geon 8800

Duroid 5600

Lamicoid 6038E

....... Ambient Runs

Con- Low
trols Dose

39

8

7

7

4

8

• 8 6

8 6

4 4

4 4

4 3

3

0 0

105 54

CTL-91LD

DC-2104

Epon 828/Z

EC-2273B/A

EC-1949

Totals

EC-1663

Teflon, TFE-7

High
Dose

3 3

3 3

6 6

6 6

6 6

4 3

6

6

4

4

3

3

0

53

• LN 2 Runs

Con-

trols

3

3

68

7

6

3

3

6

4

4

2

2

35

52

LOW

Dose

3

3

6

6

6

3

3

3

4

4

3

3

3

5o

High
Dose

3

3

3

3

3

3

3

3

4

4

0

3

3

38

Total

NO.

54

23

34

35

31

24

29

32

24

24

15

18

9

352

a One extra specimen pulled with bucket dewar on Instron

b Two extra specimens (one pulled after dipping in LN2,

one pulled with bucket dewar on Instron)
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V. RADIATION MEASUREMENTS

5.1 Neutron Monitorln 5 Procedure

The neutron flux was monitored during the irradiations

at several material locations. Measurements were made with

sulfur for fast-neutron flux and phosphorous for thermal-neutron

flux. Standard foll techniques were used in specifying the

neutron field (Ref. 6).

Detectors were mounted on 3-1/2- by 3-1n. aluminum plates

which, in turn, were mounted on or near the components. All

foils were counted and the data reduced by an IBM 7090 digital

computer program.

5.2 Gamma Monltorln 5 Procedure

The gamma dose inside the LN 2 dewars was obtained by ex-

posing nitrous oxide (N20) dosimeters (Ref. 7) outside the

dewars at both the front and back faces and interpolating be-

tween the measurements.

The N20 dosimeters used at NARF consist of a 24-cc quartz

shell filled with a measured quantity of N20 gas, then flame-

sealed. Upon exposure to gamma radiation, the following reac-

tion is produced in the gas:

6 N20_ 5 N2 + 0 2 + 2 NO 2.

Readout is accomplished by measuring the moles of N 2 + 0 2

produced per mole of original N20 and then relating this ratio

to the gamma dose by means of a calibration curve.

Energy dependence of the N20 system is air-equlvalent

(within 10%) between 150 key and 5 Mev. The dosimeters are
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usable in the dose and temperature ranges of from 108 to 1012

ergs/gm(C) and -90 ° to +120°C, respectively, with a reproduci-

bility of 7 to 9% in the GTR field.

5.3 Analytical GTR Neutron Spectrum

The neutron spectrum (Ref. 5) of the GTR in a water

moderator has been measured to be Ymxwelllan at thermal energies

(E< 0.48 ev), approximately proportional to E -1 from about 0.5

ev to 0.1 Mev; and essentially a fission spectrum for higher ener-

gies. In Figure 5.1, this spectral shape has been mathematically

altered to account for the attenuation of the thermal flux by

the boral surrounding the reactor in the dry-pool configuration.

The resulting spectrum has been shown to represent the actual

spectrum fairly accurately.

Flux measurements have been made in the thermal-, epl-

thermal-, and fast-neutron energy ranges by use of a variety of

thermal, resonance, and threshold detectors. Fast-neutron flux

measurements (E> 2.9 Mev) made in the dry side with the boral in

place agree well with those made in the wet (pool) side. The

measured thermal flux is in general agreement with that obtained

by integration of the analytical curve shown in Figure 5.1.

5.4 Mapping Irradiation

The neutron fluxes and gamma dose rates in air along the

core centerllne perpendicular to the closet face and + l0 in.

off centerline have been well established for the east, west,

and north irradiation positions of the Ground Test Reactor (GTR)

at NARF (Ref. 8). These values are plotted in Figures 5.2 _
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through 5.13. It should be noted that these data are established

for a 4-in. thickness of water between the core and the north

irradiation position and for a 4.25-in. thickness of water between

the core and the east and west positions.

These data are successfully used in predicting doses for

specimens irradiated in air at the three positions, but varia-

tions in established dose rates occur when metallic or organic

structure is placed between the reactor core and the specimens

being irradiated. Calculations can be made for these variations

if the interposed material is uniform in shape, size, and den-

sity, but for other arrangements, a pre-test mapping irradiation

is desirable.

It was decided this year that a mapping run for the NASA

cryogenic experimental assemblies would be beneficial in pre-

dicting dose rates for specimens located below each of the ten

pull rods. The plan involved operation of the reactor for two

l-hr runs at a power level of I Mw. During the first run, the

east and north experimental assemblies were mapped. During the

second, only the north assembly was mapped.

Doslmetry packets were mounted to the lower box frames of

the assemblies. As can be seen in Figure 5.14, complete dosl-

merry packets were located at the exact sample positions for

pull rods i, 3, 5, 6, 8, and i0. Each packet contained one bare

and one cadmlum-covered silver-manganese foll to measure the

thermal-neutron flux (E < 0.48 ev), one indium foil to measure the

neutron flux for E> 0.85 Mev, one sulfur pellet to measure the
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Z

neutron flux for E > 2°9 Mev, one aluminum, foil to measure the

neutron flux for E >8ol Mev, and one nitrous-oxide dosimeter

to measure the gamma do3_ In addition to the above packets

(which were inside the dewar during the run), packets consisting

of one gamma dosimeter, one thermal detector, and one fast-

neutron (E > 2°9 Mev) detector were mounted on the outside sur-

faces (front and back) of the dewarso These packets were posi-

tioned at the center of the dewar_ Just opposite a correspond-

ing packet at rods 3 and 8 inside the dewar°

In the first run, the east dewar was filled with water

and the north dewar contained static air at atmospheric pres-

sure and ambient temperature° In the second run, the north

dewar (which used the same doslmetry layout as described above)

was filled with liquid nitrogen.

Past experience with dosimetry measurements on the GTR

has established the reliability of using a definite ratio of

east-to-west and east_ or west_to-north dose rates in air at

given distances from the reactor face on the core centerlineo

For fast neutrons (E> 2°9 Mev), the east-to-west ratio is l:l

and the east_ or west=to=north ratio is i_1o7o For gamma radia-

tion_ the east-to-west ratio is l_l and the east- or west-to-

north ratio is l:lo20 Reliability of these values is considered

tobe well within the limits of reproducibility of successive

measurements for both neutrons and gamma rays° The north-to-

east or west ratio (lo7_l) is based on a 4©Ino thickness of

water between the core and the inside face of the closet° This
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ratio can be increased by moving the reactor north (farther into

the closet and closer to the north closet wall), thus reducing the

water thickness to 2 in.

With these ratios, and with the data taken on the above-

described mapping run, it is possible to determine both the

neutron and gamma dose rates in the experimental assemblies at

all the irradiation positions for all three dewar environments:

water, air, and liquid nitrogen. Water was used in the east

dewar to simulate the neutron attenuation that would take place

in liquid hydrogen, and data from the dosimetry are considered

suitable for predicting dose rates in an LH2-filled dewar. The

usual environment in the dewars for irradiations at NARF is

either air, LN 2, or LH 2.

Data from the mapping runs are shown in Tables 5.1 through

5.3 and are plotted in Figures 5.15 through 5.20.

Figures 5.15 through 5.17 are plots of the neutron fluxes

for the three environments. Fast fluxes in the east, west, or

north dewar for any of the three environments can thus be

determined either by referring to the appropriate curves or by

multiplying or dividing a particular data point on a curve by

the factor 1.7.

Figures 5.18 through 5.20 are plots of gamma dose rates

for the three environments. Like the above-described approach

for neutron fluxes, the gamma dose rates in the east, west, or

north dewar for any of the three environments can be deter-

mined either by reference to the appropriate curve or by
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calculation. Gamma dose rates for a particular environment and

Irradiatlon position not used in the mapping runs can be deter-

mined by multiplying or dividlng a particular recorded data

point by the factor 1.2.

No radical departures from anticipated neutron-flux values

are indicated in Figure_ 5.15 through 5.17. The high thermallz-

ing effect of water can be noted in data taken from the water-

filled dewar. The curves in Figures 5o16 and 5.17 indicate nothing

more than the normally expected mass and distance attenuation of

neutron fluxes, thus denoting little or no low-temperature effects

on neutron doslmetry in the LN2-filled dewar.

Gamma dose-rahe data recorded in the mapping runs were

reasonable and generally in accordance with expectations. As

anticipated, reaction of the N20 gamma dosimeters irradiated while

submerged in LN 2 was erratic. This is indicated in Figure 5.20.

Based on the gamma dose rates recorded for the front and rear

outside faces of the dewar and the dose-rate curve for the air-

filled north dewar, the curve considered to be correct for the

dose rate along the centerline of the LN2-filled dewar was drawn

on Figure 5.20 as a dashed lineo These values will be used in

determining specimen locations for future LN 2 irradiations until

gamma dosimetry suitable for use at cryotemperatures has been

developed.
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VI. MATERIAL TEST RESULTS

The irradiation tests were conducted in the Radiation Effects

Testing System at NARF (see Figs. 2.1 and 2.2), with the GTR as

the radiation source. All materials scheduled for testing during

this reporting period were received and tested at the prescribed

low and high dose in both an ambient-air and a liquld-nltrogen

environment. For ready reference, the locations of the tabulated

data, property curves, and specimen photographs are listed in

Table 6.1.

For the ambient-air temperature tests, specimens were mounted

on expanded-metal trays as shown in Figures 6.1, 6.2, and 6.3

(April irradiation). The required gamma dose in ergs/gm(C), shown

in the upper right hand corner of the photographs, was obtained

by judicious placement of the expanded metal trays and by removing

the different trays from the radiation field at specified times.

The high-dose tray, for instance, required an irradiation time of

3B hr, with the reactor operating at a power level of B Mw.

Table 6.2 gives the specimen location, irradiation time,

and gamma exposure for the April ambient-air run, but the values

are representative of the May and September runs also. Thermo-

couples were mounted on specimens in the different trays to mea-

sure the temperature range of the specimens during irradiation.

The average amblent-alr temperature ranged from 90 ° to llO°F.

Postirradiation amblent-air tests were conducted in the IML,

with the specimens mounted directly in the Instron machine.
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F i g u r e  6.  I Specimen M o u n t i n g  A r r a n g e m e n t  f o r  Amb ien t -A i  r 
I r r a d i a t i o n :  Low Dose 
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F i g u r e  6.2 Specimen M o u n t i n g  A r rangement  f o r  Amb ien t -A i  r 
I r r a d  i a t  i o n  : I n  te rmed  i a t e  Dose 
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Figure 6.3 Specimen Mounting Arrangement for Ambient-Ai r 
Irradiation: H i g h  Dose 
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Table 6.2

Specimen Location and Radiation Exposure:

Ambient-Air Irradiation*; North Position

(April Run)

Rack

No.

Gamma Dose

[ergs/gm (C )j

i 5 x lO9

2 i x I0 I0

3 5 x I0 I0

Gamma
Dose Rate

[e rgs/gm ( C)
-hr-3 Mw]

Length of
Irradia-

tion

(hr)

Distance of

Tray from
Front of

Frame (in.)

1.02 x l09 4.9 I0

9.27 x l08 10.8 12

1.S1 x 109 33.02 2.25

closet face

Spe cimer
Mounting
Radius

(in.)

I0

9

lO

_ur inches of H20 between reactor core and

For the low-dose LN 2 irradiation in April, specimens were

mounted in the west experimental assembly as shown in Figures 6.4

and 6.5. The same general specimen arrangement was used for the

LN 2 control specimens and for the September high- and low-dose LN 2

irradiations. Details of the specimen layout, the gamma dose, and

the irradiation times for each material are given in Table 6.3 for

the April run. After each successive period of irradiation, the

reactor was shut down and the specimens pulled in tension while

still submerged in the liquid nitrogen. The postirradiation LN 2

tests were conducted with the cryogenic experimental assembly,

the Instron machine, and the interconnecting hydraulic servo-

system.

The effects of radiation on the material properties at

both ambient-air and LN 2 temperatures are summarized in Table 6.4.

These effects are expressed as a percent change after irradiation

8T
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relative to the unirradiated control values at the same tempera-

ture and test conditions. Information in Table 6.4 should be

considered as a guide to the relative changes of the properties

measured and not as rigid design criteria. A comparison of the

values of the ambient-alr and LN 2 controls before irradiation

indicates that temperature and test conditions had a marked in-

fluence on the ultimate tensile strength and ultimate elongation

before any irradiation had taken place.

Pertinent comments on results of the tests for each material

are given below. Curves of property change vs gamma dose are

shown and specimen photographs are included. The tabulated data

and stress-straln curves called out in Table 6.1 are in Appendices

B and E, respectively.

6.1 Adhesives

Material A: Scotchweld AF-40 (epoxy-nylon)

A detailed statistical study on the adhesives is in Appendix

F. After the high dose in smbient-alr, the ultimate tensile shear

strength decreased sufficiently to indicate a severe degradation

of the epoxy-nylon adhesive. The LN 2 temperature reduced the

adhesive strength and irradiation reduced it even further. It

is not considered useful at LN 2 temperature after exposure to a

radiation dose equivalent to the high dose in these tests, or

during exposure to a combination of LN 2 temperature and any dose

of radiation. The data are plotted in Figure 6.6.
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Material B: Aerobond 422J (epoxy-phenollc)

This adhesive did not have as high an initial ultimate tensile

shear strength as did the Scotchweld AF-40, but it had much better

resistance to cryogenic temperatures and radiation. The ambient-

air values changed very little with radiation. The LN 2 improved

the adhesive strength, and the final tensile shear strength after

exposure to the high radiation dose and to LN 2 simultaneously was

the same as the initial ambient control value.

in Figure 6.7.

6.2 Seals

The data are plotted

Material C: Viton 0-Ring

Two clean chambers were purged and filled with helium gas

under slight pressure, sealed with a Vlton-B 0-rlng, and irradiated

for 40 hr in liquid nitrogen to a gamma dose of 1.0 x I0 l0 ergs/gm(C).

The sealed _hambers held the original helium gas at room temperature

under pressure for six months, from the September 1963 irradiation

to March 1964. The chambers were then submerged in water and tested

for leakage past the 0-ring at a static pressure of 25 psig of helium.

Results indlcate that Viton-B 0-rings provide a good static seal in

cryogenic applications in a radiation environment and that further

testing is warranted. The test equipment is shown in Figure 6.8.

Material D: Pol_er-SP (polYpyromellitimide)

The first Polymer-SP dumbbell specimens (wide-gage) did not

pull satisfactorily, but after reduction to the narrow-gage cross

section, gave satisfactory results in ambient-air and LN 2. When

the original specimens were pulled in LN2, they broke at several
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places° The tensile data indicated, however, that the specimens

first broke in the gage section, then near the doublers as the two

halves parted° The specimens were therefore redesigned to have a

i/4-ino gage width in the narrow cross section° Subsequent tests

in August and September proved to be satisfactory°

The cryogenic temperature seemed to increase the ultimate

tensile strength while causing only a slight decrease in total

elongation° Based on the property of ultimate tensile strength,

Polymer_SP is considered to have excellent radiation resistance

and good cryogenic properties, and should therefore be considered

for further testing and space applications° The fundamental causes

for the multiple breaks should be given further thought since this

problem was not completely resolved° The data are plotted in

Figures 6°9 and 6o10o Figure 6.11 is a photograph of Polymer-SP

specimens°

6°3 Electrical Insulations

Material H: Geon 8800 (polyvinyl chloride)

This material was tested quite satisfactorily at ambient-

air temperature_ stress-strain, total elongation, and ultimate

tensile strength measurements were obtained. At LN 2 tempera-

ture, however, the 1/2=ino gage width specimens shattered between

the aluminum doublers during testing° The dumbbell specimens were

therefore redesigned to have doublers of Geon and a narrow, 1/4-ino

gage width for thererun tests, but through a misunderstanding, the

gage width of those scheduled for the LN 2 irradiations was not

changed from the original 1/2_ino

lO0
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Specimens with the narrow gage width were tested satisfactorily

in ambient-air reruns and in the LN 2 control run, while those with

the wide gage width gave usable data but broke near the doublers
=

when irradiated in LN2o The irradiation schedules did not permit

a rerun of the LN 2 irradiations, but sufficient data had been generated

to demonstrate the characteristics of the material.

The ultimate tensile strength increased and total elongation

decreased in the LN 2 control and irradiation runs. After irradia-

tion in both LN 2 and air, the polyvinyl chloride plastic changed

color, produced an offensive odor, and retained a high degree of

radioactivity for several months. Geon 8800 is not recommended for

cryogenic service in a radiation field. The data are plotted in

Figures 6o12 and 6.lB. Figure 6014 is a photograph of Geon 8800

specimens.

Material Iz Duroid 5600 (tetrafluoroethylene-fiber_lass 1

These dumbbell-type specimens pulled satisfactorily in the

ambient-alr control run, and stress-straln, total elongation, and

ultimate tensile strength measurements were obtained. The breaks

occurred in the narrow section and were classified as either "A"

or "B" (see Fig° B-1)o During the first ambient-air irradiation,

however, the specimens became very brittle and difficult to posi-

tion in the Instron without breaking@ All the first-run, ambient-

air, high-dose specimens were so brittle that they were broken in

being removed from the test rack and, even with extreme caution on

the rerun, one specimen broke before the test on the Instron.

The low ultimate tensile strength value for the April LN 2

control run has been rejected° The pull speed was variable on the
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first specimen; the second and third specimens were pulled at a

slow rate° The August control r_u produced data that are more uni-

form and representative of the typical values for TFE in cryogenic
. '. ,

fluids° The _2 irradiation run also produced better results6 The

Duroid 5600 material is more radiation-resistant in the cryogenic

environment, as is expected of a typical TFE material° The material

is not radiation-resistant in alr% "The data are plotted In Flgures -

6o15 and 6o16o Figure 6o17 is a photograph of Duroid specimens°

6.4 Laminates

MaterlalJ_ Lamicoid 60_8_E___elam.in____e_fiberglass)

The test results reported here are given special emphasis for

three reasons° First_ this material showed excellent radiation

resistance at both ambient_ai_ and LN 2 temperatures, with the tensile

strength of the irradiated specimens varying very little from that

of the unirradiated controls° Second_ the ultimate tensile strength

and total elongation at LN 2 temperature was practically double that

of room temperature specimens° Third, the material had an unusual

form of delamination when pu]_led in LN2o

The maximum tensile strength listed for this LBmicoid by the

manufacturer is 37,000 psi° This is high for a plastic material

when compared to two other high-strength laminates tested in this

program _ CTL=9ILD (phenolic) and DC=2104 (silicone), with ultl-

mate tensile strengths of 29,300 and 16,000 psi, respectivelyo The

ultimate tensiZ.e strength of the Lamicold when tested at NARF was

56,500 psi for the ambient control specimens and 106,000 psi for

the LN 2 control specimens°

The specimens all had excellent "A" breaks when pulled in either

ambient air or LN2; yet, in the LN 2 all specimens that were pulled,
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including controls, delaminated at the break-point. The individ-

ual plies all delaminated into a unique "fan" spread for the

entire length of the narrow gage section, but not beyond. It was.

quite a different type of separation from that of the silicone

laminate, which delaminated throughout its entire length, including

the doubler sections° The Lamicoid specimens showed no sign of

any separation in either Section C or the doubler Section D (Figure

B-l). The separate fiberglass cloth plies broke at the same cross-

section location°

These delaminations seem to be strictly a result of tempera-

ture effects and not a result of irradiation° Tensile properties

are also virtually unaffected by radiation up to a dose of 6 x l0 lO

ergs/gm(C) of gamma radiation° These observations are made, how-

ever, on the limited stress-strain data presented here and further

testing is suggested°

This material was developed primarily by 3M_as an electrical

laminate for electrical insulation applications, but in the light

of its high tensile values it could be evaluated further as a

structural material unless some other property restricts its struc-

tural use° Data are plotted in Figures 6o18 and 6o19. Figure 6.20

is a photograph of the specimens°

Material K _,CTL-91LD (phenolic-fiberglass)

Tests on this material after irradiation in air revealed that

it is virtually unaffected by either the low or high dose° In fact,

the ultimate tensile strength increased slightly with radiation°

The ultimate tensile strength of the LN 2 control specimens increased,
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but after irradiation in LN 2 to the high dose, both the ultimate

tensile strength and total elongation were reduced. However, the

final tensile value after the hlgh dose in LN 2 was still above that

of the ambient controls.

The narrow 1/4-in. gage specimens all produced good "B" breaks

with no delamination or shredding of the fiberglass when broken in

LN2, as was experienced by the other laminates. The data are plotted

in Figures 6o21 and 6°22° Figure 6°23 is a photograph of the speci-

mens@

Material L_ Dow Coming 2104 (silicone-fiberglass)

This silicone laminate followed the phenolic laminate pattern

of having the ultimate tensile strength and total elongation in-

crease slightly when irradiated and tested in ambient air° When

tested in LN 2, the ultimate tensile strength of control specimens

tripled and the total elongation doubled. Tests after irradiation

in LN 2 showed the material to be virtually unaffected by either

the low or high dose of radiation. This observation is made, however,

on the limited stress=straln data presented here, and further test-

ing is suggested°

During the initial tensile tests in LN2, the silicone speci-

mens had random delaminations, including the ends of some under

the doublers. Since delaminatlon was between the plies of the

fiberglass, it was not a failure of the Epon 934 adhesive° A solu-

tion to doubler=end delamination was effected by riveting the doub-

lers together in addition to bonding them to the specimens. The

combination of rivets and adhesive then held for subsequent LN 2

1!6
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tests. However, 5he LN 2 low-dose specimens that had been riveted

continue_ to delaminate _aoly a_ _he b_eaK _ints in the narrow-ga_e-

length section, the individual plies continued to brea_ at various

and random places along the narrow section with a shredding of the

fiberglass starting at the separation point. It seems that the

delaminations result from temperature effects and are not a result

of irradiation. Data are plotted in Figures 6.24 and 6.25. Fig-

ure 6,26 is a photograph of specimens.

6.5 Dielectrics

Material Q: Teflon TFE No. 7 (tetrafluoroethylene)

When irradiation space became available during the middle of

the year, Teflon was added to the test program to obtain cryogenic

tensile data, since it had been irradiated in ambient air but not

at cryotemperatures during the first year's program.

The tensile properties of Teflon vary with the method of

fabrication, particle configuration, degree of crystallinity, and

test conditions. A discussion of this variance has been covered

in Section 4.4 of the vacuum portion of the second annual report

(Ref. 1).

To check out the effects of different pull rates, a speci-

men from the lot supplied by Dore for this year's tests was pulled

at 1/2 in./min in the Instron while submerged in LN 2. The ulti-

mate tensile strength of 9880 psi agrees with the cryogenic expel_i -

mental assembly average value of i0,000 psi (pulled at I/2 in./mln)

within the standard deviation on an individual basis.

The irradiated LN 2 specimens demonstrated a 50% decrease in

total elongation and, upon opening the dewar after the test, were
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found to be broken in several places° Teflon is brittle after irra-

diation at LN 2 temperature, but it was assumed that the initial break

during the .postirradiation tensile test in the cryogenic experimental

assembly at the temperature of LN 2 had taken place in the narrow sec-

tion, similar to the breaks obtained with the control specimens@

Ultimate tensile strength decreased a little with radiation, but

retained its strength much better in liquid nitrogen that in air at

the same radiation level° The data are plotted in Figures 6°27 and

6°280 Figure 6°29 is a photograph of the specimens°

6o6 Potting Compounds

Material M_ Epon 828/Z (epoxy)

The pull_out strength of the potted wires ranged from B5 to 39

lb for both the ambient and LN 2 controls and ambient_air low and

high doseo On the other hand_ 64 lb of pull were required for the

LN 2 low dose, with no known reason for this high value other than a

possible error in calculation of the tare loado The pull=out load

was only 19 Ib for the LN 2 high dose°

Visual inspection with a 6X magnifying glass indicated that

all wires pulled Out of the epoxy compound except for wire No° 4

in the LN 2 low=dose test° The wire broke above the compound, with-

out any visible signs of cracks around the base of the wire° The

wires were all coated with a brown material on the ends after the

pulls. Furthermore_ in cases where the wires did not pull out,

but broke_ the pull strength was around 38 Ib for both this material

and the potting compound, EC®22TBB/A (in this section and in tests

under the vacuum section)o Since the wires broke at 38 lb, it is

i
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assumed that the recorded 64 Ib is not a true value but represented

a high tare load that was not deducted.

Based on the test data and visual observations, it may be con-

cluded that there was little degradation of the Epon 828/Z except

at the LN 2 high dose. The adhesive Aerobond 422J (material B) had

almost the same load pattern with very little degradation except

at the high dose in LN 2. In addition, the Epon 934 adhesive, used

in bonding the doublers on the tensile dumbbell specimens, gave

excellent service in the ambient and LN 2 irradiations° This epoxy

potting compound should be considered in any carry-on test program.

Data are plotted in Figure 6.30 and Figure 6.31 is a photograph of

typical potting compound, adhesive, and T-peel specimens.

Material N_ EC-22?_B/A (chemical composition proprietary)

The amblent-air potted-wire control specimens broke Just above

the mold at a B8=lb pull. Since the established wire strength is

38 lb, the failure was in the wire° The compound adhesive strength

was not determined, except that it was higher than 38 lb.

In the ambient-air low- and high-dose runs, the wires pulled

out. In specimen preparation, the wire ends and interior of the

mold were primed before potting with a light-green primer (chemical

name and composition proprietary). After the pulls, all wire ends

were still coated with green primer. This indicates that on pulling,

adhesive failure took place between the primer and the EC-2273B/A.

Trouble occurred in the LN 2 tests when the molded compound sepa-

rated from the metal holder. The potting compound in the control

and high=dose runs pulled completely out of the holder, and the low-
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D

D

dose potting compound was loose in the holder after testing. After

removal from the holder, the black EC-2273B/A potting compound was

still completely coated with the primer; hence failure had to be be-

tween the primer and metal holder. Also, the wire ends were still

coated with the primer after being pulled in LN 2, Just as in the

ambient-air runs.

The effect of radiation on the EC-2273B/A potting compound was

inconclusive in this test.

are plotted in Figure 6.32.

6.7

Further tests are suggested. The data

Sea la nt s

Material 0: EC-1949 (chemical composition proprietary)

At ambient-air temperature, the specimens tested satisfactorily,

but apparently the elastomeric sealant failed to hold at the cryogen

temperature. Specimens fell apart during submersion. No data were

obtained on LN 2 controls and LN 2 low-dose postirradiatlon tests during

April. The hlgh-dose irradiation of this material was omitted in

September since it was already obvious that it was not a good cryo-

genic specimen. The embrittled sealant did not hold the aluminum

bars until test time, since no pull force could be detected on the

Instron or Sanborn charts when specimens were pulled in the LN 2.

The EC-1949 showed definite degradation during ambient irra-

diations. It is suggested that changes in specimen configuration

and modification of the test procedures be reviewed for the con-

tinuation of the testing of sealants in cryogenic fluids. Data

that were obtained are plotted in Figure 6.33.

Material P: EC-1663 (chemical composition proprietary)

It was difficult to obtain good data points on the T-peel
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specimens. The ambient controls were all good, which showed that

the method of preparation of the specimens was not the basic cause

of the failures° T-peel strength of this n_terial after irr_dla-

tion at ambient-air temperature was less than one-fourth of its

initial control value° EC-1663 was tested at all three LN 2 con-

ditions, but no apparent breaks could be detected on the instrument

charts. The low temperature and high radiation were too severe.

Data obtained are plotted in Figure 6.34o

6°8 Thermal Insulations

Material F: CPR-20-2 (ri6id foam)

Data obtained in thern_l-conductivity tests of CPR-20-2 are

plotted in Figure 6.35. Measured values of thermal conductivity

are plotted as a function of temperature for both irradiated and

unirradiated conditions. Also plotted are the manufacturer's corre-

sponding data as received by telephone from Chemical Plastics Research

Company.

The measured value of thermal conductivity for the unirradiated

specimen was greater at room temperature than the value reported by

the manufacturer and was, at LN 2 temperature, higher than the room-

t_mperature value° This higher value at low temperature is opposite

to the results that were expected, but was consistent in repeated

runs. Definite conclusions as to the reasons for this have not

been drawn, but there is evidence that one factor is, at least,

partly responsible° A significant portion of heat generated in the

test heater during low-temperature runs was apparently being drawn

toward the ends of the tester rather than radially toward the outer

1.34
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surface. This was thought to be a result of the existence of a

relatively hlgh value of thermal conductivity for the Mycalex used

as heater core and end insulator in the tester. If time had per-

mitted, substltutlon for the Mycalex of a materlal such as balsa

wood could perhaps have reduced thls heat loss to negligible values.

In Table 6.5 Is the measured percentage change In the value

of the coefficient of thermal conductivity as a function of both a

low and a high dose of nuclear radiation. These percentages were

obtained from a comparison wlth the unlrradlated values measured

at the same temperatures.

Table 6.5

Thermal Insulation CPR-20-2:

Measured Percentage Change In Coefficient of Thermal

Conductivity for Two Irradiation Doses

Gamma
e Dose

rgs/gm (C )]

1 x lO 9

i x I0 I0

i x i0 I0

Test Temp

(oF)

-291.6

+ 89.5*

£ercent Increase

in k after Irra-
diation

0

5.1

1.8

*Taken after irradiation upon returning of thermal con-

ductivlty tester to amblent-alr temperature.

It should be noted that no amblent-air temperature value

is shown flor the foam after irradiation _o a &ow dose. This was

because the material was maintained at LN 2 temperature through-

out the entire irradiation test, with an amblent-alr value being

obtained only after evaporation of all LN2 at the end of the irra-

diation. This means, of course, that although the k-value
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measurement was made with the unit at ambient-air temperature, the

radiation was Incident under low-temperature conditions°

Absolute data obtained in the test are, after comparison to

that reported by the manufacturer, highly questionable° However,

considering that identical test conditions (including identical

values for test and guard heater powers) were used for both pre-

and postirradiation k-value measurements, it is felt that a reason-

able indication of radiation effects (damage, or lack of damage)

was established° Furthermore, there exists strong evidence that had

one additional modification been made in the unit, ioeo, the sub-

stitution of balsa wood for the Mycalex insulators, substantially

better data could have resulted° It is hoped that further tests

of this type will be authorized in 1964 to permit the inclusion of

this added modification.

Despite the contrasts between the data obtained in the

radiation tests and that reported by the manufacturer, a small

amount of radiation damage (evidenced by an increase in the value

of thermal conductivity) was demonstrated° The damage is con-

sidered small to the point of insignificance, however°

Material G_ CPR-1021-2 (rigid foam)

Data obtained in thermal-conductivity tests of this material

are plotted in Figure 6°36° Measured values of thermal conductlv-

" i_Y m re plotted as a function of temperature for both irradiated

and unirradiated conditions° Also plotted are the manufacturer's

corresponding data as received by telephone from Chemical Plastics

Research Company°

The measured value of thermal conductivity for the unirradia-

ted specimen was greater than that reported by the manufacturer,
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both at room temperature and at LN 2 temperature. However, the

thermal condmctivity of this specimen, as measured in this test,

decreased with a decrease in t_mperature, which was contrary to

data obtained with the CPR 20-2. This downward trend in conduc-

tivity with lower temperatures is considered to be a result of a

change in methods used for testing this unit.

Preliminary tests had shown that heat was also being drawn

off the bottom end of the tester and, for reasons yet to be deter-

mined, was much greater in this unit than in the one containing CPR

20-2. To obtain the balance of temperatures on the ten inner thermo-

couples, as outlined in the original test procedure, an abnormally

large amount of power was required for the bottom guard heater.

Although this brought the thermocouple readings into balance, there

_rere indications that a significant amount of heat from this guard

heater was finding its way into the test-heater section and affecting

the data accordingly.

As a final compromise for this condition, power to the bottom

guard heater was increased to produce slightly higher readings from

thermocouples at the top. This resulted in a slight flow of heat

into the test-heater section - sufficient, in theory, to offset that

which was flowing out of the test section at the bottom. Although

the data thus produced more closely approximated that reported by

the manufacturer, it was, of course, unacceptable as true absolute

data.

It is felt that holding the established power for each of the

heaters at the same level throughout both the pre- and_postirradia-

tion tests did, however, produce good relative data a_:d thus serve
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to demonstrate the effects of radiation on the thermal conductivity

of the foam. Figure 6.36 shows, as a result of irradiation, a

significant increase in the value of thermal conductivity of the

specimen at both ambient-air and LN 2 temperature. The measured

percentage increase is shown in Table 6.6.

Table 6.6

Thermal Insulation CPR-1021-2:

Measured Percentage Changes in Coefficient of Thermal

Conductivity for Two Irradiation Doses

Gamma

Dose

e rg s/gm (C )]

1 x 109

Test Temp
(oz)

Percent Increase

In k after Irra-

dlatlon

-291.6 14.1

1 x i0 I0 + 67 25.1

1 x i0 I0 -293 32.0

Again, as with the CPR 20-2 unit, it is believed that a sub-

stitution of balsa wood for the Mycalex would have produced sub-

stantially more reliable data as far as absolute measurements of

thermal conductivity are concerned.
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VIIo CONCLUSIONS

Publication of this annual progress report marks the completion

of the second year's work at NARF under NASA Contract NAS8-2450.

Tests to measure the effects of nuclear radiation, cryotemperatures,

and the combination of the two were performed on a series of non-

metallic spacecraft materials.

Conclusions can be drawn regarding the test techniques, experi-

mental test equipment, radiation sources, dosimetry measurements,

materials tested, and test data.

7.1 Test Techniques and Experimental Equipment

Whenever possible, the appropriate ASTM specification was

followed in performing the various engineering property tests on

the material speclmenS_ Several deviations from these specifica-

tions were necessary to accommodate the special test equipment used

for the remotely performed tests on specimens submerged in liquid

nitrogen. However, a consideration of the data to date leads to the

conclusion that, despite these deviations, effects of radiation and

cryotemperatures on the materials are clearly established.

The rather unusual dynamic test equipment used in these tests

(detailed descriptions are given in Ref. 2) is, at this time, only

two years old and will, as this work is continued in the future,

be modified and improved. Potentialities for future developments

in test apparatus of this kind are considered to be almost unlimited.

7.2 Radiation Source

The source of radiation for tests to date has been the Ground
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Test Reactor (GTR), s hetero_eneous, highly enriched, thermal nu-

clear reactor that produces a variety of radiation types, In-

cluding f_st and thermal neutrons, gamma photons, and beta rays.

The fast-neutron flux (E_2.9 Mev) at a reactor power level of 3 Mw

varies from 9.0 x 109 to 4.3 )_ iO II n/cm_-sec. The thermal flux

(E_0.48 ev) is, for materials testing purposes, generally held to

a minimum with the use of boral shields_and ranges from 3.6 x 109

to 6.3 _ 109 n/cm2-sec. The gamma dose rate at a 3-Mw power level

varies from 3.6 x 104 to 1.0 x 106 ergs/gm(C)-sec.

7.3 Radiation D0simetry

An accurate measure of radiation damage is, of course, useless

without an accurate knowledge of the amount and character of the

radiation causing the damage. The presently used system of foll

detectors for neutron measurements is satisfactory in most respects.

Improvements are being made, however, in detection arrangements on

specimens to be irradiated and in the use of foils at extremely low

and extremely high temperatures.

The accurate measurement of gamma radiation from a nuclear

reactor has always been a problem. Various techniques are used,

but the one most commonly used at NARF utilizes the so-called nitrous-

oxide dosimeter. This method of measurement is accurate to + 10%

within a short range of temperatures above and below 70°F, but fails

at extremely high or extremely low temperatures. In addition, it is

cumbersome to handle and is quite fragile. Efforts to develop more

accurate and versatile dosimeters will continue.
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7.4 Materials

The cryogenic temperature of liquid nitrogen and/or the radi-

ation from the GTR had a pronounced effect on most of the materials

tested. These effects varied widely, from a definite improvement in

mechanical properties of several plastics to an almost complete de-

gradation of a few materials. A graphic summary of the effects of

radiation and temperature on the adhesives, seals, electrical in-

sulation, laminates, and one dielectric is presented in Figures

7.1, 7.2, and 7.3.

Of the two adhesives tested, the Aerobond 422J was the most

stable when exposed to the combination environment. This is to be

expected for an epoxy-phenolic. The ultimate tensile shear strength

of the epoxy-nylon, Scotchweld AF-40, was reduced by temperature

and radiation. These changes are illustrated by the bargraphs of

Figure 7.1. Although the epoxy-phenollc 422J adhesive did not have

as high an initial strength as did the epoxy-nylon AF-40, the re-

tention of its properties warrants further consideration of this

class of adhesive in the future.

As indicated in the discussion of results for the seal cate-

gory, the static helium-gas sealing qualities of the Viton-B 0-ring

indicates it should be further evaluated in future tests. Polymer-

SP, which is a relatively new plastic, has already received atten-

tion as a candidate plastic for aerospace applications. Figure

7.2 shows clearly that this polyimide polymer has exceptional merit

after irradiation in liquid nitrogen. It should definitely be in-

vestigated further to see if this radiation and temperature resis-

tance holds for other mechanical and physical properties.

145



NPC 20,889

!

c

.0

F.

o4

Ultimate Tensile Sheer Strength
(psi x 10-3)

o 2 4 6
I

IIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIII

! !

llllillllllllllllllllll
IIIIIIIIIIIIIIIIIIIIIIIIII!

I

Adhesive A: Scotchweld AF-40(epoxy-nylon)

_\\\\\\\\\\\\\\\\\_
_\\\\\\\\\\_

I I I I

f.,
.M

m

c

.M

z

IIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIII
Adhesive B: Aerobond h22J(epoxy-phenolic)

I I I I

o 2 h 6 8

Gamma
Dose

[ergs/gm (C )]

0

i.i(I0)

6.5(lO)

0

1.1(ZO)

7.Z(ZO)

0

1.1(ZO)

7.2(10)

0

1.i(lO)

7.1(io)

(

F gure 7.1 Effects of Radiation and Temperature on Ultimate

Tensile Shear Strength of Adhesives

146



_4

!

4_

,,4

.4
W
!
4J

,,'4

!
4_

!

Dielectric Q: Teflon T_-7

• I I

o h 8

Ultimate Tensile Strength

(psi x 10-3)

0 4 8 12

! I I

Insulation I:

..... I' I " I _ I

Insulation I-I: Geon 8800 (poIyvtnyl

chloride )

I I I
IIIIII
IIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Seal D: Polymer-SP (polyimide)

NNNN
I I

N

Duroid 5600 (Teflon-glass)

NPC 20,890
Gamma

Dose Total Elongation

[ergs/gm( C)] (4)

16 o 2 k 6

0

7.8(91

1.2(lO1_

1.4(i01_______

4..2(9)

7.9(9)

I 1. Lt(10) ___,___

°NN6.1(9)

1.5(10)

5.8(9)

1.4(lO)

o1.o(8)

8.0(8)

i.I(8)

1.1(9)

..._A__../.._._

0 2 4 6

I I

(tetrsfluoro-

ethylene)

| !

12 16

Figure 7.2 Effects of Radiation and Temperature on Ultimate

Tensile Strength and Total Elongation of Electrical

Insulation, Seals, and Dielectrics

147



_i'C 20,888

U].tlm_te Tensile Strength,
(psi x 10-3)

0 20 hO 60
; | I

i

_ IIIIIIIIIIIII
_-_IIIIIIIIIIIIIII
_ IIIIIIIIIIIIIIIII

Laminate L: DC 210[_ (sillcone-glass)

_\\\\\\\\\\\\\\\\\\\_
__\\\\\\\\\\\\\\\\\\N
__\_\\\\\\\\\\\\\\\\"_

I I I I

I
J_ IIIIIIIIIIIIIIIIIIIIIII
°" IIIIIIIIIIIIIIIIIIIIIIIII
_ IIIIIIIIIIIIIIIIIIIIIIIIII

Laminate K: CTL 91LD (phenolic-glass)

_\\\\\\\\\\\\\\\\\\\_
_\\\\\\\\\\_\\\\\\\N

_'_\\\\\)"_\\"_ , , ,

_' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o
_-_lllllllIllllIlliIllIlllllIllllllllIIllIlllIII1.1(lO

iill,,iiilliliilliiliil!li!l!li i, lilli!iill
ILaminate J: La i i 038_(melamine-glassl

c__\\\\\_\_ .._.x_x_x_x_x_._i_ 6_"9"_01!-P:s.i._\\\\\\_ I 0

_ _ _",,\\\\\\\',_!o<Lo.oA>>._\\\\\\_ 9.oc9

0 20 40 60 80

Gamma Totsl

Dose _i on(g_)tIon[ergs/_m(C)]

80 o h 8

'Ioi.i(io)

3.9(i0)_

6"7( lO)_I I

1.l(lO

3.9(101

0

9.3(9)

6.7(i0

I

I I
o h 8

12

12

Figure 7.3 Effects of Radiation and Temperature on Ultimate

"Tensile Strength and Total Elongation of Laminates

lh.8



The tensile properties of both Duroid 5600 electrical insul-

ation (Teflon base) and Teflon TFE- 7 were higher after the cryogenic

irradiation than they were after the ambient air control and irradi-

ation tests. Total elongation of Durold 5600 specimens was vir-

tually unchanged by radiation, but Teflon showed a reduction in

this property with increasing radiation exposure. These trends

are illustrated in Figure 7.2.

Although the ultimate tensile strength of Geon 8800 was

changed only slightly as a result of irradiation, it is not re-

commended for further cryogenic irradiations because of its

general degradation, including a color change from white to a dark

greyish-plnk, permanent embrlttlement (loss of elongatlon), high

retention of radioactivity, and an obnoxious odor.

All of the flberglass-cloth, 1/8-in.-thlck, multlple-layer

laminates (silicone, phenolic, and melamine) exhibited excellent

resistance to radiation. The ultimate tensile strength and

percent total elongation of the control samples in liquid nitrogen

both showed an increase over the same values recorded in ambient-

air tests. In addition, these increases were retained by DC-2104

and Lamlcoid 6038E up to the radiation exposure of 6.7 x lO lO

ergs/gm(C) and by phenolic CTL-91LD to 9.B x 109 ergs/gm(C). The

total elongation was also retained. Figure 7.B presents a con-

cise summary of these effects of radiation and temperature on

these properties. Special note should be taken of the exception-

ally high ultimate tensile strength of 106,000 psi for the Lamicold

6038E during the cryogenic testing.
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These three plastic laminates and the Polymer-SP should all

be given radiation exposures beyond 7 x i0 I0 ergs/gm(C) at ambient

and cryogenic temperatures to determine the actual threshold of

damage, which seems to be above the level of the exposures given

in this series of tests.

Tests for the potting compounds and sealants are now con-

sidered to have been somewhat less than Judiciously selected. In

some cases, for the wire-pull tests, the low tensile strength of

the wire resulted in wire breaks prior to its being pulled out of

the compound. The primer used with EC-2273 caused trouble by fail-

ing to adhere to the holder. The T-peel specimens separated in the

LN2 before they could be tested. These problems need to be analyzed

for cause and effect. Modifications and revisions of the specimen

configurations and/or test procedures will be instigated in future

programs before the testing for radiation resistance of the potting

compounds and sealants in the cryogenic environment is continued.

As indicated in the discussion of results for the thermal-con-

ductivity test, the absolute data obtained in the tests are highly

questionable. However, the prime requirement in the tests is con-

sidered to have been met, namely, to demonstrate the effects of

radiation on the k-value of the materials° Since completion of the

irradiation test, various plans have been formulated to improve the

performance of the thermal-conductivity test apparatus. These

planned modifications are expected to be incorporated into the

testers in a 1964 carry-on of the program.
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In conclusion, it should be emphasized that the behavior of

the Polymer-SP and the Lamlcoid 60BSE melamine plastics was the most

gratifying and encouraging of all materials tested within the cate-

gories of plastics. They should be included in the carry-on pro-

gram for 1964. They should be of importance for aerospace appli-

cations if subsequent testing confirms the results included in

this report.
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Table

Radiation-Cryotemperature Test Dsts: Polymer-SP (M_terie] D )

Type of Test Amblent-Air Controls Type of Mmter]_] Seal

Ult. Tensile Strength (svg) 8,410/966 psi
Total Elongation (avE):
Crosshesd ( 4.0-in. gage length) _.65

Extensometer---[-_-in. gage length) 2,97

Croaahead Pull Speed .....0.05 In./mIn
Date o£ Tensile Test 5-20-63

Hadistlon Exposure:
Gsmm_ 0

Neutron (E>_.9 Mev)__ ............ O

Oste of Irrndlstlon_Not_ A!oplicable

Specimen 1 Specimen 2

Quallty of Break B Quality of Break A

Pull Speed 0.05_ Pull Speed 0.___in. m--/_
Area 0.0649 Sq in. Area b.0653 aq in.

Ten- ICross- Elongs;ion ! Ten- =rosa- Elongatlon
Bile I head Cross- Ex- Bile head

StressITravel head tens

(psl)] (in.) (%) (%)
]

010 0 0
i

15510.OlO 0.25 0.03
i

759! 0.020 0.50 o.i5

1,630] 0.030 0.75 0.35
i

2,400] 0.040 1.0o 0.55

3,180 0.050 1.25 0.75

3,950 0.060 1.50 0.96

4,600 0.070 1.75 1.20

5,150 0.080 2.00 1.4o

5,770 0.090 2.25 1.64

6,280 0.100 2.50 1.85

7,360 0.125 3.13 2.34

8,3?0 0.15o 3.75 2.93

9,0?0 0.17o 4.25 3.41

i

Cross_ ExL
Stress rravel heed| tens

(pal) (in.) (%) / (%)

0 0 0 0

460 0.010 0.25 0.i0

1,230 0.020 0.50 0.28

2,14o 0.030 0.75 0.48

2,990 0.040 1.00 0.68

3,750 0.050 1.25 0.88

'['e_n - I

•gl I£_ I

0 0

544

1,370

2,170

2,950

Speclmen 3 Specimen 4

qu_llty o1" Breel_ C
full Speed o.05"T?,fi_5{

..............................

(;rosa- E]on_q lon !
he_d _=o_ ,,'3:. I.'.X---Z-"

L_l,re sr_ I TI,ove ] hen(I term
'.r,:,,I, (.in.) (%) ('_)

! ............

0 0

0.09

0.26

o.45

0.64

0.84

1.o5

1.27

1.48

1.71

1.91

2.30

2.73

2.95

3.20

0.o10 0.25

0.020 0.50

0.030 0.75

o .040 1.00

0.050 1.25

0.060 1.5o

o.o7o 1.75

0.080 2.00

0.090 2.25
.... ] ......

0.I001 2.50

0.120 3.00

o.14o 3.50
] ....

0.150 3.75

8,880 0.160 4.00

! ........

i 9,040 io.165 4.13

3,650

4,490 0.060 1.50 i.i0 4,300

I

5,100 0.070 1.75 1.31 4,970

5,740 0.080 2.00 1.54 5,510

6,310 0.090 2.25 1.77 6,06O

6,820 0.I00 2.50 1.99 6,520

7,080 0.105 2.63 2.10 7,380

! 8,150___

8,510

3.31

O,_o].ity o£ Break C
Pull Speed O. 05 In.-_---/_

Area 0.0 5__7 sq in.

I'_'[1-- [ Cross- Elonga! ion

a.e .oodT:a I3tresal Travel tens

_0:,I_I(i,) (%) I(_)

0 0 0 !0
............... i

l
533 o.olo 0.25 0.08 I

.......... I

1,340 0.020 0.5o 0.26 I
............. t

2,18o 0.030 0.75 o.471
.......... l

2,970 0.040 1.O0 0.681
.......... t

3,760 0°05o 1.25 o.91 1

............ i

4,420 0.060 1.50 1.151
....... t

5,040 0.070 1.75 1.39 i

5,540 0.080 2.00 1.601
....... i

6,140 0.090 2.25 1.86!

6,550 0.100 2.50 2,07i

7,020 0.II0 2.75 2.25

7,950 0.130 3.25 2.73

8,330 0.140 3.50 2.98

8,450 0.143 3.58 3.04

17o



Table B-3 (sent'd)

Radlatlon-Cryotemperature Test Data: Polymer-SP (Msterlal D )

Type of Test Amblent-Air Controls Type of Mnterls] Seal

Ult. Tensile Strength (avg) 8t400/ItlSO psi
Total ElonEstion (avE):

Croashead (_-In. Esge length) 5.59

Extensometer _2.0-1n. gage length) Not Available
Crosshead Pull Speed 0.05 in./min

Date of Tenslle Test 9,27-6_

Radlatlon Exposure:
Gamma 0

Ne ut r_ .--/_B--ev_. 0
Neutron {E>2.9 Mev)" 0

Date of Irrndiatlon

ergs/gm(C)

Not Applicable

Specimen 1 Speelmen 2 Speelmen 3 Speclmen

Quallty of Break A Qusllty of Break A Quality of Break Qusllty of Break

Pull Speed 0.___Oz____ Pull Speed 0.O5 In.-_---_-_ Pull Speed -_./rm-[-6 Pull Speed
Ares 0.0315 aq in. Area 0.03_j8 - sq in. Ares

Ten- Cross- Elonsatlon Ten- Cross- Elonga;ion Ten- Cross -_
Bile head Cross- Ex- Bile head Cross- Ex- sl]e head

Stress Travel head tens Stress Travel head tens Stress Travel

(pal) (In.) (%) (%) (psi) (In.) (%) (%) (pal) (In.)

0 0 0 0 0 0 0 0

381 0.020! 0.57 0.08 533 0.020 0.57 0.15
____~

698 0.0301 o.86 0.14 976 0.030 0.86 0.25

1,08o 0.O_O! 1.14 o._ 1,480 0.040 1.14 0.37

2,060 0.0601 1.71 0.45 2,010 0.050 1.43 0.52

3,210 0.080 2.29 0.75 2,510! O.O6O 1.71 0.67

4,350 0.I00 2.86 1.14 3,1101 0.070 2.00 0.86

4,920 O.110 3.14 1.35 3,700 0.080 2.29 1.05

5,330 0.120 3.43 1.58 4,230 _ 0.090 2.57 1.26

6,190 0.140 4.00 2.06 4,730! 0.i00 2.86 1.51

6,660 0.150 4.29 2.30 5,21010.110 3.14 1.73

6,980 0.160 4.57 2.56 5,680 0.120 3.43 1.99

7,940 0.190 5.43 .... 6,O7O 0.130 3.71 2.22

8,hlO 0.200 5.71 .... 6,510 0.140 4.00 2.51

8,730 0.210 6.O0 .... 6,890 0.150 4.29 2.79

9,050 0.221 6.31 .... 7,75O 0.170 4.86 ....

---- s,! In. Area -- sq In.

Elon_l, t I Cm Ten- Cross-i Elongation

-C-_ i_-'_----- Bile head Cross- Ex-
head | tens Stress! Travel head tens

(_) |(_) (pal):(in.) (_) (_)
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Table B-3_sont'd)
Radiatlon-Cryotemperature Test Data: Pol_fmer-SP (Material D )

Type of Teat Amblent-Air Low Dose
Type of Material Seal

Ult. Tensile Strength (avg) 8,990/898 psi

Total Elongation (avE): -
Crosshead ( 3.5-in. EaEe lane th) 5.94

Extenaometer----[-_-In. gage length) _N0t Available_

Croashead Pull Speed 0.05 In./mIn
Date of Tensile Test 9-_Y-63

Radiation Exposure:
Gamma 6.1

Neutron (E >2.9 Mev) 8,3_91__

Date of Irradiation 9-13-63

e rgs/gmt C )

n/era=

Specimen I

Quality of Break A

Pull Speed 0.05_

Area 0.0_19 sq in.

Ten- i :rosa- _longa .on

Bile head _ross- _x-

3tressl !ravel heed ;ens

(psi)1 (in.) (%) i%)
I

0 _ 0

94 O.O10

471 0.02o

942 o.o30

1,51o 0.040

2,13o 0.050

2,820 0.060

3,450 O.O70

4,080 0.080

4,680 0.090

5,180 O.iOC

5,650 _.llO 3.14 1.89

6,53( O.13( 3.71 2.44

Specimen 2

Quality of Break A

Pull Speed O.O5_
Area O.(73U5----- sq in.

Ten- _(_rosS-

ells I head

Stresal[_ravel

Ipalj! (in.)

0 9

490 0.020

0

0.29 .03

0.57 _.II 1,470 O.040
l

0.86 _.22 2,610 0.060

1.14 ).35 3,O10 0.070

1.43 ).53 I 3,760

1.71 ).71 4,340

2.00 ).93 4,900

2.29 [.14

2.57 _.38

2_5 1.62

6,87( O.14( 4.00 2.6c_

7,31( O.17( i 4.86 ....
i

8,35( O.183 5.17 ....

;longat[on

:ross_ _x- !
head| _ens =
(%) i (%)

Specimen 3 Specimen

Quality of Break A Quality off Break
Pull Speed O.05--K_./_-[i_ Pull Speed In._-i-6
Area O.0_0_- sq In. Area _ sq in.

Ten- I :ross-I _Iong_t r>n Ten- Cross- Elongation

Bile I hea_ I _"-r-6a_-qi_"_ Bile head Cross_ Ex-

_tresal 'ravel! head| ens Stress Travel head| tens

,_,J, (in.) (%) | _) (pal) (in.) (_) |(_)

5,420

5,880

6,310 I0.130

6,730 0.140

7,150 0.150

7,510

8,170

8,760

D ( 0 I'

0.57 ().lO 387

1.14 (_.30 1,360

1.71 ().58 2,450

3,650

2.00 ,).74i 3,O70

O.O8012.29 i).93
i

0.090 2.57 [.15

i'0.100 2.86 i[.40

O.110 3.14 1.66

0.120 3.43 1.92

3.71 2.2o

4.oo 2.48

4.29 2.79

o.160 4.57 3.09

o.180 5.14 ....

0.198 i 5.66 ....

) 0

).020 0.57

).o4o 1.14

3.06o11.71

.08

).29

).57

3.070 2.00 ).74

0.080! 2.29 ).94

i

.374,780 O.iOO 2.86

5,_.120 3.43 .91
............. i ....

0.130 3.71 _.13

6,650 _0.140 4.0O 2._

7,O30 0.150 4.29 2.53

7,360 0.160 4.57 2.65

7,580 0.170 4.86 ....

5.71 ....

6.29 ----

i7.00 ....

8,71010.200

9,290 0.220

i

9,870 0.245

!
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TableB-3 _(eont'd)
Radlation-Cr,jotemperature Test Data= Pol_Dner-SP

Type of Test Ambient-Air High Dose

Ult. Tensile StrenEth (avE) IO,IOO/X
Total ElonEstion (avE)=

Crosshead ( 4.O-In. Eage lenEth )

Extensometer---[_-In. EaEe lenEth;

Crosshead Pull Speed 0.05
Date or Tensile Test 5-20-63

psi

4.83
4.3o

in./min

(Material D )

Type of Materlal Seal

Radiation Exposure :
Gamma I. I (I0)

Neutron [E < O.D,U ev)' --'J.,--'_{'_4)

Neutron (E > 2-9 Mev)_'_-_2___'5_)

Date Of IrrBdlatlon 4-2___-63

ergsl_(c)
n/om_
n/cm _

Specimen 1 Specimen 2 Specimen 3 Specimen

Quality of Break B Quality of "Break
Pull Speed 0.05 _ Pull Speed

Area _ sq in. Area -- sq in.

Ten- Cross- Elongatlon Ten- Cross- ElonEatlon

Bile head Cross- Ex- Bile head Cross_ gx-
Stress Travel head tens Stress Travel head[ tens

(pSi) (in.) (%) (%) (psi) (in.) (%) I(%)

0 0 0 0

852 0.020 0.50 o.15

1,67o 0.030 0.75 0.30

z,56o 0.040 i.oo 0.50

3,360 0.050 1.25 0.75

4,730 0.070 1.75 1.20

5,410 0.080 2.00 1.45

6,510 0.i00 2.50 2.00

6,980 O.ii0 2.75 2.25

7,440 0.120 3.00 2.45

8,230 O.140 3.50 2.90

8,990 0.160 4.00 3.40

9,350 0.1701 4.25 3.70

9,700 O.180 4.50 3.95

9,980 0.190 4.75 4.25

10,100 0.193 4.83 4.30

Qusllty of Break Quality of Break

Pull Speed _-q-6?.7_I-6 Pull Speed In./mln

Are.8 -- aq in. Area --aq in.

Ten- Cross- ElonE1,tlorl Ten- Cross- Elonsation
Bile head _..x-]J_ T1- eile head CroJs_ Ex-

StITs8 Travel head tens Stress Travel head| tens

(psi) (i..) (_) (_) (psi) (in.) (%) | (%)
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Table _ (oont'd)

Hadlation-Cryotemperature Test Data: Polymer-SP (Materlsl D)

Type of Test Amblent-Air Hi_ Dose Type of Materl_l Seal

Ult. Tenslle Strength (avg) 9t270/319 psi
Total Elongstlon (avg):

Crosshead (_5-in. gage length} 5.63 ._
Extensometer [2.0-1n. gage length) Not Availab____

Croashead Pull Speed 0.05 in./mln

Date of Tensile Test------gi227-63

Radiation Exposure:

Gamma 1.5LIO)

Neutron (E >2.9 Mev)---:_,-8_(_[

Date of Irradiation ...... _A1_-_63

ergs/gm(C)

Specimen i Specimen 2 Speelmen 3 Specimen 4

Quality of Break B Quallty of Break A Quellty of BreeR .... Qusllty of Break
Pull Speed O.05_ Pull Speed O.05_6q7_ Pull Speed ]n._[ Pull Speed In./'_
Ares 0.0_-0----- sq in. Area 0.O_q[0- sq in. Are1_ ------- sq In. Area -- sq in.

Ten- Cross- Elongation Ten- Cross- Elon_ation Ten- (:ross- Elon_1, t|ou Ten- Cross- Elonsstlon

sile head Cross- Ex- sile head Cross- Ex- elle heed "U-_6s_:__x ---/-- s[le head Cross- I Ex-
Stress Travel head tens Stress Travel head tens Stress Travel hen(l] tens Stress Travel head tens

(psi) (In.) (%) (%) (psi) (in.)i (%) (%) (psi) (in'.) (%) I (%) (psi) (in.) (%) (%)

0 0 0 !0 0 0 0 0

469 0.020 0.57 0.09

1,340 0.040 1.14 0.26

91 0.020 0.57 0.04

242 0.040 i.i_ 0.08

1,940 0.050 1.43 0.39 848 0.060 1.71 0.21

2,560 0.060 1.71 0.54 1,270 0.070 2.00 0.34

3,810 0.080! 2.29 0.89 3,690 0.080 2.29 0.48

4,440 0.090 2.57 1.o9 4,300 0.090 2.57 0.63

5,030 0.I00 2.86 1.33 4,880 0.i00 2.86 0.82

5,560 0.ii0 3.14 1.56 5,390 0.110 3.14 1.01

6,060 0.120 3.43 1.82 5,880 0.120 3.43 1.22

6,500 0.130 3.71 2.06 6,3o0 0.13o 3.71 1.43

6,970 0.140 4.00 2.35 6,750 0.140 4.00 1.56

7,380 0.150 4.29 2.64 7,150 0.150 4.29 1.82

7,970 0.170 4.86 .... 7,720 0.170 4.86 2.15

8,470 0.180 5.14 .... 8,210 0.180 5.14 2.25

9,090 0.197 5,63 .... 9,450 ...............
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Table B-4

Radlation-Cryotemperature Test Data: Polymer-SP (Material D)

Type of Test LN 2 Controls

Ult. Tensile Strength (avg) 13_700_1,830 psi
Total Elongation (aVE):
Pull Rod ( 3.5-in. gage length) 2.08 %

Pull Rod Spee-_Break (avg) 0,019 in./min
Pull Assembly Unit East
Date of Tensile Test 8-2-63

Specimen 1 Specimen 2

Rod 1 Position 1

Qua 1i-_-y-6f Break A
Rod Speed 0,017 in./mln
Area 0.0318 sq in.

Tensile
Stress

(pal)

0

Pull-Rod
Travel
(in.)

O

*Elon-

gation

0

Type of Material Seal

Radiation Exposure :
Gamma 0 ergs/Em(C)
Neutron_E < O.48 ev_ 0 n/cm2
Neutron(E > 2.9 Mev} 0

Date of Irradiation Not Applicable

Rod 1 Position 2
Qual-_y of Break A

Rod Speed 0.019 in./min
Area 0.0323 sq in.

Pull-Rod
Tra ve 1

(In.)

Specimen 3

Rod 1 Position 3
Qual-_y of Break A

Rod Speed 0.021 In./mln
Area 0.0324 sq ln.

Tensile
Stress

(psi )

0 0

*Elon- Tensile Pull-Rod *Elon-
gation Stress Travel gatlon

(%) (psi) (in.) (%)

0 0 0 0

1,830 0.008 0.23 1,120 0.007 O.lO 0.31

3,080 0.015 0.43 2,450 o.015 0.43 0.54

4,220 0.022 0.63 3,940 0.022 0.63 0.71

5,850 0.028 0.80 5,480 0.028 0.80 0.97

7,ii0 0.035 1.00 7,i00 0.037 1.06 1.26

8,060 0.041 1.17 9,170 0.047 1.34 1.57

1.40

1.60

9.z5o

10,900

12,100

10,500

12,100

14,100

0.O49

0.056

0.064

0.055

0.065

0.074

0.073

0.083

1.57

1.86

2.11

13,500

15,000

1.83

2.09

2.37

1,790 0.011

3,370 0.019

4,910 0.025

6,330 0.034

8,560 0.044

10,200 0.055

11,900 0.062 1.77

*Based on pull-rod travel
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Table B-4

Radlatlon-Cryotemperature Test Data:

Type of Test LN2 Low Dose

Ult. Tensile Strength (avg) 13,100/1,540psi
Total Elongation (avg):
Pull Rod ( 3.5-In. gage length) 2.01 %

Pull Rod Spee-_Break (avg) 0.027 in./mln
Pull Assembly Unit East
Date of Tensile Test 9-10-63-----

Specimen 1

Rod 1 Posltlon 1

Quality of Break C
Rod Speed 0.025 In./mln

Area 0.0315 sq in.

Pull-RodTensile
Stress

(psi)
Travel

(in.)

*Elon-

gation
(5)

Specimen 2

(cont.d)

Polymer-SP (Material D )

Type of Material Seal

Radiation Exposure:

Oa ma 5.8(9) ergs/gm(C 
Neutron(E<0.48 ev} 8.3(13) n/cm^

Neutron(E > 2.9 Mev) i,2(15) n/em z

Date of Irradiation 9-!Q-63

Hod i Position 3

Quality of Break C
Rod Speed 0.028 in./min
Area 0.032_-- sq in.

Pull-Rod
Tra ve 1

(in.)

*Elon-

gatlon

Tensile
Stress

(psi)

Specimen 3

Rod 1 Position 4

QuaT[£y of Break C
Rod Speed 0.027 In./mln
Area 0.0320 sq in.

Tensile
Stress

(psi)

Pull -Rod
Tra ve 1

lin.)

"Elon-

gatlon

0 0 0 0 0 0 0 0 0

2,220 0.007 0.20 618 0.o07 0.20 531 0.o04 O.11

4,300 0.013 O.37 1,360 0.012 0.34 1,470 0.012 0.34

5,870 0.021 0.60 2,630 0.018 0.51 2,880 0.019 0.54

6,670 0.028 0.80 3,980 0.024 0.69 3,970 0.024 0.69

8,570 0.034 0.97 4,970 0.030 0.86 5,125 0.030 0.86

9,910 0.043 1.23 6,180 0.036 1.03 6,250 0.037 1.06

11,300 0.051 1.46 7,200 0.042 1.20 7,500 0.043 1.23

12,400 0.059 1.69 8,620 0.047 1.34 8,970 0.049 1.40

13,800 0.065 1.86 9,980 0.055 1.57 10,200 0.057 1.63

11,300 0.063 1.80 11,500 0.066 1.89

12,700 0.072 2.06

14,100 0.080 2.29

*Based on pull-rod travel
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Table B-4 (cont 'd )

Radlation-Cryotemperature Test Data: Pol_ner-SP (Material D )

Type of Test LN2 High Dose Type of Materlal Sea_

Ult. Tensile Strength.(avg) 16,000/3,550 pal
Total Elongation _avg):
Pull Rod ( 3.5-in. gage length) 2,86 %

Pull Rod Spee--6"d'-a_Break (avg) 0,033 In./mln
Pull Assembly Unlt East
Date of Tensile Test 9-i!-63 ,

Radiation Exposure:
oams 1.4(10) e_,/p(c)
Neutron(E<O.qS ev} 2.7(14) n/cm_
Neutron(E > 2.9 Mev] 3.2(15) n/cm =

Date of Irradiation 9-11-63

Specimen I Specimen 2 Specimen 3

Rod Position

Quaff Break
Rod Speed In./mln
Area sq In.

Rod 7 Position
Quaff Break
Rod Speed 0.029
Area

2

ln./mln
0.0330 sq in.

Rod 7 Position 4
QuaTY_-6f Break C -
Rod Speed 0.037 In./mlnl
APes _ sq In.

Tenslle Pull-Rod _Elon- Tenslle Pull-Rod *Elon- Tensile Pull-Rod "Elon-

Stress Travel gatlon Stress Travel gatlon Stress Travel gatlon
(psi) (In.) (%) (psi) (in.) (%) (psi) (in.) (%)

0 0 0 0 0 0

1,210 0.005 0.14 I,_40 0.023 0.66

2,120 0.011 O.31 2,890 0.035 1.OO

3,390 o.017 0.49 4,550 0.042 1.2o

4,880 0.024 0.69 6,090 0.050 1.43

6,21o o.o32 o.91 7,940 0.059 1.69

1.14 9,880 0.070 2.O0

1.34 11,400 0.081 2.31

*Based on pull-rod travel

11,100 0.056 1.60 13,30o 0.093 2.66

12,700 0.064 1.83 14,9oo 0.i04 2.97

14,0o0 0.074 2.11 16,80o 0.114 3.26

18,oo0 0.126 3.6o
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Table B-6

Radlatlon-Cryotemperature Test Data: Oeon 8800 (Msterlal H)

Type of Test Amblent-alr Controls Type of Materlsl Electrical Insulation

Ult. Tensile Str_nBth (avg) 3,000/112 psi Radiation Expoaur_:

Total Elongstlon (avE): Gamma O

Crosshesd ( 3.5-In. gage lenBth) 203 _ Neutron _E<O.q_ ev I ----0---
Extensometer---[-_-In. EsEe lenBth) 201 _ Neutron (E > 2.9 May)-- 0

Crosshead Pull Speed 0.20 in./mln
Date of Tensile Test 9-30-03 Date of Irradiation Not A_pllo&ble

Specimen 1 Specimen 2 Speclmen 3 Specimen 4

Quality of Break A Quality of Break A Qusllty or Break A Quallty of Break

Pull Speed O.20_ Pull Speed 0.20_ Pull Speed 0.20--J-67.2_ Pull Speed

Ares O.Dv_IF_----sq in. Area O.D_sq in. Are,_O__02"_5_ sq In. Area --..sq in.

Ten- Cross- ElonKstion Ten- Cross- Elon_atlon Ten- Cross- Elon_.t_o, Ten- Cross- ElonKstion

Bile head Cross- Ex- Bile heed Cross_ Ex- Bile head -C-_--6BL_E._I Bile head -_s_-_
Stress Travel head tens Stress Travel head[ tens Stiles Travel he_(l I tens Stress Travel head J tens

(psi) (in.) (_) (_)- (psi) (in.) (_) | (_)* (psi) (I..) (_) I(_ (psi) (i..) (_) l(_)

0 0

811 0.85

1,38o il.85

1,910 2.70

2,110 3.41

2,470 4.h4

2,760 5.a5

2,960 6.81

2,920 7.34

O 0 0 0

24 25 8_7 0.9"

53 50 I,_50 2.00

77 75 1,780 2.82

97 lO0 2,140 3.60

127 125 2,380 4.52

156 150 2,740 5.42

195 200 2,78O 6.21

210 215 2,910 7.02

3,110 7.58

0 0 0 0 0 0

27 25 1,060 1.05 30 25

57 50 1,55o 1.87 53 50

81 75 1,920 2.73 78 75

lO3 Ioo 2,370 3.68 105 100

129 125 2,530 a.51 129 125

155 15o 2,730 5.4o 15_ 15o

177 175 2,850 6.16 176 175

2oi 2o0 2,980 6.4o 183 179

217 210

*No extensometer used. Amount of extension was measured with dividers for a 2-1n. BaBe.
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Table B-6 _(cant'd)
Radlation-Cryotemperature'rest Data: Geon8800 (Mnter]n] H)

Type of Teat Amblent-air Low Dose Type off Mntel'la] ........E lectrlcal Inaulatlon

Ult. Tenalle Strength (avg) 3,170/313 psi
Total Elongstlon (avg):

Orosshead ( 3.5-In. gage lengthl. 171

Extenaomete_-in. gage length)--l--7_

Crosshead Pull Speed 0.20 in. /mLn
Date or Tensile Test 9-30_63

l_adlatlon Expo.mire:
Gamins

_v_.2(92 _ . .Neutron [E-;_-0]-l]}]-_ ) - 5-i(13")

Ne.tro,,(F.> _.,_ M_._)-:- - 5:8[__)

Date of Irradlatlon ..... 97!3-.6_ ....

_____erga/gml C }
n/am=

n/+_

Specimen 1 Specimen 2

Quality of Break A

Pull Speed 0.20_

Area _aq in.

Ten- ICross- Elonga;lon
alle I head Cross- Ex-

_reaaJTrsvel head tens
_PBI)I (in.) (%) (_)*

I ,,

O 0 O

I ---
1,06o o.81 23 25

1,620 !1.63 47 50

2,050 2.60 74 75

2,500 3.51 1OO IOO

2,720 4.37 125 125

2,930 5.16 147 150

3,390 6.03 172 175

3,460 6.24 178 18o

Quality of Break A

Pull Speed 0.20 In.7_-_

Area 0.03o3 aq In.

Ten- Cross- Elongallon

Bile head Cross_ Ex-
Stress travel head] tens

(pal) (in.) (_;)I (_)*

I

O 0 ol 0

_95__° __:]9_ ___2_L 25

1,52o ].75 5oi 50

1,92o .2.61 751 751

2,580 4.27 122 1 125

2,840 5.16 147 I 150

3,11o 5.96 17o 1 175

I

I
..... J

Specimen 5 Speelmen LI

Qut_ll ty of Bresk A Oua] Ity of Break

Pull Speed O.20_-V6?fi,-Ti[ Pul] Speed In./min

Are:,....... O.Q2Z_Q__Bq In. Ares -- sq in.

Ten- (:toss-[ E](mgnL!on Ten- Cross- 5lonsablon

sl]e head _'-6_[:3.-TEx--L-- Bile head urosa-I Ex-
:3tz'esa Travel] bead / _enn Stress Travel neao _ tens

f,p.',i) (In.)l (%) I ('_)* (pal) (in.) (_)

I

O 0 I o 0
- --4 ........ , ...................

963.... 0_'0"! 2_ _5 ...........

1,480 1.661 _7 50

2,ooo 2.561 73 75

I

2,300 3.46] 99 100 ....

2,700 4.351 124 125

2,850 5.111 146 150 !
I

I

2,930 5.80] 166 173 .... I

i

]................ !
..................................

I

---I......]
....... 4---4 .......................

1

:

I i ....................

I . I
*No extensometer used. Amount of extension was measured with dividers for a 2-1n. gage.
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Table B-6 (cont'd)

Radlatlon-Cz_otemperature Test Data: Qeon 8800 (Material H)

Type of Test Amblent-alr Hl_h Dose Type of M8terl81 _Ee_loal IDsulatlon

Ult. Tensile Strength (avg) 2a610/21 _ psi Radiation Exposure:
Tots1 Elongation (av5): Gamma 7.9(g)
Crosshead (_In. gsEe lenEth) 130 . _ Neutron _E< O._U ev) --_.6(13]

Extenaomete_-In. Eage lenEth) 130 _ Neutron {E >2.9 Rev) __' _____[I_)

Crosahead Pull Speed 9 30 b3 0.20 in./minDate or Tensile Test - - Date of Irradiation 9-13-63

n/am
n/cm _

Specimen 1 Specimen 2 Spe_lmen 3 Specimen

Quality o£ Break A Quality of Bresk A Quallty of Break A Quality of BPesk
Pull Speed 0.20_ Pull Speed 0.2_ Pull Speed 0.20-']-K:._[_ Pull Speed
Ares 0.'0_ sq ln. Ares 0.0315 sq in. Aeea 0,0319 sq In. Ares --sq in.

CTen- Cross- ElonEatlon Ten- Cross- ElonEstlon Ten- Cross- ElonE, tlon Ten- ross-Elongs;lon

stle head Cross- Ex- Bile head Cross- Ex- Bile head __-_.x---2-- Bile head Cr_oss- Ex-
Stress Travel head tens Stress Travel head tens Stx_ss Travel head [ tens Stress Travel head tens

(pal) (ln.) (%) (%)* (psi) (in.) (%) (%)e (psi) (in'.) (%) I (%_ (pal) (in.) (%) (%)

0 0 O! 0 0 0 O 0 0 0 0 0

897 0.83 24 25 922 0.86 25 25 847 0.8_ 24 25

1,400 1.73 49 50 I,_60 1.76 50 50 1,540 1.82 52 50

1,910 2.72 78 75 1,970 2.65 76 75 1,790 2.5_ 73 75

2,240 3.69 lO5 I0O 2,290 3.58 102 100 2,32O 3.52 101 100

2,480 4.34 124 125 2,480 4.28 122 125 2,450 3.92 112 113

2,810 5.15 147 14T 2,58o 4.55 13o 13o

*No extensometer used. Amount of extension was measured with divlders for a 2-in. gage.
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TaDle B-___

Geon 8800 (Material H)Radiatlon-Cryotemperature Test Data:

Type of Test LN2 Controls

Ult. Tensile Strength (avg)___j_]O/l_2_O psi

Total Elongation (avg): -
Pull Rod ( 3.5-in. gage length) 1.7Z %

Pull Rod Spee--_ Break (avg)- O.O0?___in./min

Pull Assembly Unit East

Date of Tensile Tes_ __21_

"Specimen 1 Specimen 2

"'Rod Position .... Hod 8 Positlon

Quality of' Break ' Quality of Break

Rod Speed

Area sq in.

Type of Material Electrical Insulation

Tensile
Stress

(psi)

Pull-Rod

Travel

(in.l

_Elon-

gatlon

Radiation Exposure:
Gamma 0

Neutron_Ek 0.48 ev 1
Neutron(E >2.9 Mev}

ergs/gm(C)

0 n/cm_

"n/cm L

Date of Irradiation Not Applicable

B

Rod Speed O.003 in./min

Area_ O.03_____sq in.

Pull-Rod
Travel

(in.)

0

0.024

o.055

*Elon-

gatlon

(%)

0

0.69

i .56

Tens i le

S t re s s

{pal)

0

2,650

....9 95q_

Specimen 3

Rod 8 Position 3

Quality of Break D

Rod Speed 0.011 l'ln.Tmin

Area O.0313 sq in.

Tensile"

Stress

(psi)

2,560

5,590

Pull-Rod
Tra ve i

(in,) .

0.001

0.029

_Elon-

gation

0.30

0.83

1.349,O40 0.056 1.60 7,09O 0.047

8,890 0.056 1.60 7,920 0.052 1.49

9,200 0.057 1.63 8,400 0_056 1.60

,,. 9,410 0.057 1.63 8,720 0.059

9,71o O.o58 1.66 8,910 0.060

] .66

.69

l .71

9,010o.o58

0.059

9,950

I0,000

o.o61.

10,200 o.o6o

lO,3OO o.o61 1.74 ..,

1o,3oo o.o61 1.74

10,40o 0.062 1.76

10,4o0 0.063 1.80

1.69 ,,,

t .71

i.74

*Based on pull-rod travel
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Table B-7 (cont'd)

Radlatlon-Cryotemperature Test Data:

Type of Test LN_ Low Dose

glt. Tenslle Strength (avg) 8,340/3£ psi
Total Elongation (avg):

Pull Rod ( 4.O-In. gage length) 0.70 %
Pull Rod Spe_at Break (avg) 0.022 ln./min
Pull Assembly b_lt East
Date of Tenslle Test 9-i0-6_

Specimen 1

Rod 1 Position 2
Quaff Break C
Rod Speed 0.023 ln./mln
Area 0.0712 aq in.

Tensile
Stress
(psi)

154

1,140

1,780

2,850

4,000

4t980

6,130

Pull-Rod
Travel
(in.)

O

0.002

0.00.5

0.007

0.010

0.O14

o.o18

0.022

*Elon-

gation

0.0_

0.13

0.18

0.2_

0.35

o.45

0.55

Speclmen 2

Rod Position

0eon 8800 (Material H )

Type of Material Electrical Xnsulatlon

Radiation Exposure:

Gamma 5.8(9) erEs/Em(C_
Neutr0n{E< 0.48 ev) 8.3(13) n/cm^
Neutron(E > 2.9 Mev) _.2(15) n/em _

Date of Irradiation 9-i0-63

Specimen 3

Qua_-_-_f Break
Rod Speed In./min

Area sq In.

Pull-Rod
Travel
(in.)

*Elon-

Eatlon

Tensile
Stress
(psi)

Rod Posltlon

QuaY_f Break

Rod Speed In./mln
Ares sq in.

Tensile
Stress
(psi)

7,200 0.025 0.63

8,340 0.028 0.70

Pull-Rod
Travel
(In.)

"Elon-
gation

(_)

*Based on pull-rod travel
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Table B-___(cont'd)

Radiation-Cryotemperature Test Data: Geon 8800 (Material H)

Type of Test LN 2 Low Dose Type of Material Electrical Insulation

Ult. Tensile Strength (avg) 7,500/i_410 psi Radiation Exposure:

Total Elongation (avg): Gamma _._(9) ergs/gm(C_

Pull Rod ( 4.0-in. gage length) 2.08 % Neutron_E<0.48 evl 1.4(14) n/cm_
Pull Hod Spee--_Break (avg)_in./min Neutron(E>2.9 Mev} 1 5C15) n/cm_
Pull Assembly Unit East

Date of Tensile Test 9-10-63

Specimen 1

Rod 8 Position 1

Quality of Break C

Rod Speed 0.022 in./mln

Area 0.0721 sq in.

Tensile

Stress

(psi)

Pull-Rod

Travel

(in.)

*Elon-

gation

Date of Irradiation 9-10-63

Specimen 2

Rod 8 Position 2

Quality of Break C

Rod Speed 0.018 in./mln

Area 0.0__06_____sq in.

Tensile

Stress

(psi)

Pull-Rod

Tra ve 1

(in.)

*Elon-

gatlon

0 0 0 0 0 0

1,o3o O.OO6 o.15 71 o.oo9 o.23

1,840 0.011 0.28 425 0.015 0.38

2,54o o.016 0.4o 779 o.o21 o.53

3,590 0.023 0.58 2,610 0.029 0.73

4,540 0.030 0.75 1,700 0.035 0.88

5,490 0.038 0.95 2,310 0.041

6,410 0.044 I.i0 3,140 0.049

1.35

1.58

7,300 3,990

4,960

5,810

6,700

0.054

0.063

o.o56

0.064

o.o91

O.lO3

8,290

1.03

1.23

1.40

1.60

2.28

2.58

Specimen 3

Rod Position

QuaTi_y of Break

Rod Speed in./min

Area sq in.

Tensile

Stress

(psi)

Pull-Hod

Travel

(in.)

*Elon-

gation

*Based on pull-rod travel
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Table _ (eont'd)
Radlatlon-Oryotemperature Test Data:

Type of Test LN 2 Hish Dose

Ult. Tensile Strength (avg) I%700/X psl
Total Elongation (avg):

Pull Rod ( 4.0-in. gage length) 1.95 %

Pull Rod Spee--6-d--a_Break (avE) 0.027 In./min

Pull Assembly Unit Eas$
Date of Tensile Test 9-11-63

Geon 8800 (Material H )

Type of Material Electrical Insulation

Radiation Exposure:

Gamma . 1.4(10) ergs/gm(C)

Neutr0n(E< 0.48 ev) 2.7(14) n/cm_
Neutron(E>2.9 Mev) '3.2(15) n/cm

Date of Irradiation 9-11-63

Specimen 1

Rod 7 Position 3
Quallty-_f Break ......C

Rod Speed 0.027 In./mln

Area O.Ob_7 sq ln.

Tensile Pull-Rod *Elon-

Stress Travel gation

(psi) {in.) (%)

0 0 0

Specimen 2

Rod Posl tlon

Qual-_y of Break

Rod Speed In./mln

Area sq In.
i

Tensile Pull-Rod *Elon-

Stress Travel gatlon

{psi} {in.) (%)

Specimen 3

Rod Posltlon

Qua1-_y of Break

Rod Speed In./mln

Area sq in.

Tensile Pull-Rod _Elon-

Stress Travel gatlon

(psi) (in.) (%)

466 0.009 0.23

1,38o o.o14 0.35

2,150 0.020 0.50

2,940 0.024

4,070 0.032

5,090 0.039

6,210

7,280

8,450

9,470

10,700

o.046

0.o55

0.063

0.070

0.078

0.60

0.80

0.98

1.15

1.38

1.58

1.75

1.95

*Based on pull-rod travel
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Table B-____(cont'd)

Radiatlon-Cryotemperature Test Data: Geon 8800 (Material H )

Type of Test LN 2 High Dose Type of Material Electrical Insulation

Ult. Tensile Strength (avg) 7,530/1,760 psi
Total Elongation (avg): --

Pull Rod ( 4.0-in. gage length) 1.73 %

Pull Rod Spee--_Break (avg)___O.015 in./min

Pull Assembly Unit E_st___
Date of Tensile Test .... 9-2____6___....

Radiation Exposure:

Gamma 1.3(10) ergs/gm(C_
Neutr0n_E<0,48 ev) 2.7(14) n/cm^

Neutron(E>2.9 Mev) 3.0(15) n/cm _

Date of Irradiation 9,11-63

Specimen 1 Specimen 2 Specimen 3

Rod 8 Pos{tlon Rod Position3
Quality of Break C

Rod Speed 0.012 In./mln

Area 0.0694 .... i sq in.

Tensile
Stress

(psi)

Pun'Rod
Travel

(in.)

*Elon-

gation

Hod 8 Position 4

Quality of Break C
Rod Speed 0.018 In._nln

Area _ 0.0705 sq in.

Tensile
Stress

(psi)

Pull-Rod
Tra ve 1

(in.)

*Elon-

gatlon

(%)

Quality of Break
Rod Speed
Area

Tensile

Stress

(psll

Pull-Hod

Travel

(in.) .,

ln'./min

sq in.

 Elon-
gatlon

,
0 0 0 O 0 0

216 0.004 O.lO 227 0.009 0.23

36o 0.oo6 0.15 468 o.o13 o.33

634 0.oo8 o.20 794 o.o17 o.43

893 0.011 0.28 1,130 0.020 0.50

1,240 0.o13 o.33 1,57o 0.o25 o.63

1,61o o.o15 0.38 2,14o 0.030 0.75

2,o7o o.o18 o.45 2,84o o.o35 0.88

2,580 o.o21 0.53 3,530 o.o41 1.o3

3,OLO o.o25 0.63 4,27o o.o47 1.18

3,660 0.029 0.73 5,1oo 0.055 1.38

4,220 0.034 0.85 5,880 0.063 1.58

4,930 0.038 0.95 6,810 0.072 1.80

5,530 0.043 1.08 7,66O 0.080 2.00

6,530 0.049 1.23 8,520 0.089 2.23

*Based on pull-rod travel
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Table

Nadiatlon-CI-]otemperature Test Data: Duroid 5600 (Materla] I)

Type of Test Amblent-Air Controls Type of Materlal _Ele_o_trig.al In_s.ult__ion

Ult. Tensile Strength (avg) 2_660/121 psi
Total Elongstlon (avg):

Croashesd ( 4._In. Es_e length) 1.35 ,_
Extensemeter----[2--_.-in. gage length)" O_3

Crosshesd Pull Spee_ 0.05 In./min
Date of Tensile Test 5-17-b3

Radiation Exposure :

OammB 0 ergs/gm(C)

Neutron (E > 2.9 Mev)h__ .......__Q

Date of Irrndlstion Not Ajpplieable

Specimen 1 Specimen 2 Speclmen 3 Specimen

Quality of Break B Quality or Break B Quality or Breek A Quality of Break A
Pull Speed 0.05 _ Pull Speed O._qzg_____ Pull Speed 0.__ tn./_[ Pull Speed 0.05 In.-Tn-_

Area O.q_3"f'--- sq in, Area 0.(Yo67 sq in. Are_ O._7_ - s(l In. Ares 0,06_ Bq in.

Ten- ICroas- ElonKatlon Ten- Cross- Elonsatlon Ten- Cross- Elon[u, tlon Ten- Cross- Elongation

Bile head Cross- Ex- Bile head Cross_ Ex- slle head qv_-6[{_:_Ex--Y-- si]e head _ross- I Ex-
Stress Travel head tens Stress Travel head| tens St.r_ss Travel I head| tens Stress Travel heed tens

(psi) (in.) (%) (%) (psi) (in.) (%) I (%) (psi) (in.) (%) I (%) (psi) (in.) (%) (%)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

950 0.o2o 0.50 one 70.5 o,o15 0.38 o._9 - ...... 4!5_ o..o15__9_38 [.0.0.5 19o O.OlO o.2,5 0.03

1,77o 0.030 0.750.29 i,o8oi o.o200.50 o.12 8Ol o.o2o 0.50 o.ii 825 o.o2o 0.50 o.io

2,34o 0.0;40 i.oo o.h8 i,_2o _ o.o250.63 o.2_ 1,1oo 0.025 o_63 o.1_6 _1L270.0.02_55 0.630.17

2,6300.0_7 1.180.65 1,750 0.030 0.750.341,440 0.0300.750.2_ 1,7000.030 0.750.27

2,070 0.035 0.88 0.46 1,750 0.035 0.88 0.32 2,050 0.035 0.88 0.38

2,280 0.040 1.00 0.58 2,000 0.0_0 1.00 0.41 2,320 0.040 1.00! 0.49

2,430 O.045 1.13 0.69 2,280 0.O45 1.13 0.53 2,510 0.045 ].13 0.60

2,520 0.050 1.25 0.80 2,480 0.050 1.25 0.64 2,670 0.050 1.25 0.73

2,650 0.055 1.38 0.77 2,730 0.055 1.38 0.89

2,760 0.060 1.50 0.91

2,770 0.0631.58 0.99
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Table B-9 (cost,d)

Rsdlstlon-Cr_otemperatur_ Test Data: Duroid 5600 (MBterlal I )

Type of Test Ambient-Air Low Dose Type of M_terl_l E__egtrlcal Insulation

Ult. Tensile Strength (svg) 727/193 psi Radiation Exposure:
Total Elongation (avE): Gamma _.8(9) e_s/gm(C)

Crosshesd ( 4.0-1n. gage length) 0.95 _ NeutrB'n_E-<_0q_B-e-vT---_3_9]lS) ..... n/e,_

Extensometer---[2.-_-In. gage length)-- 0.i_ _ Neutron_E > _.9 Mev)--_l.Q'(15) n/c mz

Cix)sshead Pull Speed 0.05 In./min
Date of Tensile Test 9-27-b3 Date of Irradlstlon _9-13_-6_3

Specimen 1 Specimen 2 Specimen 3 Specimen

Quality of Break A Quality of Break A Quallty of Break B Quality of Break

Pull Speed 0.05-T6-_ Pull Speed_-nE6_7 _ Pull Speed 0.05 In./mln Pull Speed In./min

Area 0._/----- sq in. Area 0,0646 sq in. Are.,_ 0.06_ sq in. Area -- sq In.

Ten- Cross- Elongation Ten- Cross- Elonaatlon Ten- Cross- E]onKl_tlon Ten- Cross-!Elongation

slle head Cross- Ex- Bile head Cross_ Ex- alle head -_s_--__-_.x--L-- Bile head iCross_ Ex-
Stress Travel head tens Stress!Travel head| tens Stress Tr0ve] head | lens Stress Travel head| tens

(psi) (in.) _ (%) (%) (pal)! (ln.) (%) | (%) (pal) (in.) (%) ] (_) (pal) (in.) (%) | (%)

0 0 0 0 0 0 0 0 0 0 0 0

183 0.010 0.25 0.03 108 0.010 0.25 0.02 98 O.O10 0.25 0.02

411 0.020 0.50 0.06 248 0.O201 0.50 0.04 246 0.020 0.50 O.O4

701 0.030 0.75 0.11 495 0.o30 0.75 0.08 442 0.030 0.75 0.o7

853 0.036 0.90 0.15 526 0.032 0.8o 0.09 671 o.0_o! i.oo 0.ii

802 o.o46 1.15 o.14
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Table B-_B-:9___(cont,d)

Radiation-Cryotemperature Test Data: Duroid 5600 (MaterJ_] I )

Type of Test Amblent-Air High Dose Type o£ Materl_] Electrical Insulation

Ult. Tensile Strength (avg) 564/306 pal
Total Elongation (avg)=
Oroashead ( 4.0-in. gage length) 0.92

Extensometer--[2.----_-In. gage length)----_ ,_
Orosshead Pull Speed 0,05 _____In./min

Dote of Tensile Test 9__7_63

Radlat]on Exposure:
Gamma 1.2(10)

He u t ron--6_E-_<D?_[[-_ v-T ...... _-_9( 13 )

Seutro.(E> _9 Mev)_iiii_[f0_5)

Date of Irr_idlatlon 9-13-63

erga/gm(C)

Specimen 1 Specimen 2 Speclmen 3 Specimen

Quality of Break Quality of Break B Qu.llty of Bre_h B Quality oC Break
Pull Speed In.]_ Pull Speed_In._m-_ Pull Speed 0.O5-7-67.27._ Pull Speed In./mln
Area _ sq in. Area 0.0625 sq in. Are1_ 0.096"gi-...... sq In. _rea _ aq in.

Ten- Cross-iEl0ngation Ten- Gross- El0n_atlon Ten- C*'oss- El:m_,t!(._ Ten- Cross- Elonga_;ion
alle head Cross- Ex- sile head Crosa_ Ex- sl]e he_d L-rrro[,E_l_"[':x---: alle head lCross- Ex-

Stress Travel head tens Stress Travel head I tens Streaa Trove] [m_d | tuna Stress Travel head tens

(psi) (In.) (%) (_) (psi) (in.) C%) | (%) (pal)! (In.) (%) _ C%) Cpsl) (in.) C%) (%)

0 0 0 0 0 0 0 D

96 0.010 0.25 0.02 101 O.O10 0.25 0.02

288 0.020 0.50 0.04

592 0.0300.750.08

736 0.0370.930.i0

202 0.020 0.50 0.03

318 0.030 0.75 0.05

391 0.036 0.90 0.06
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Table B-10

Radlatlon-Cryotemperature Test Data: Duroid 5600 (Material I )

Type of Test LN 2 Controls

Ult. Tensile Strength (avg) 7,120/585 psi
Total Elongation (avg):

Pull Rod ( 4.0-1n. gage length) 1.45 %
Pull Rod Spee-e--d_Break (avg) 0.035 In./min
Pull Assembly Unit East
Date of Tensile Test 8-2-63

Type of Material Electrical Insulation

Radiation Exposure:

Gamma 0 ergs/gm(C)
Neutron(E< 0.4_ ev) 0 n/cm_
Neutron(E > 2.9 Mev) 0 n/cm z

Date of Irradlatlon Not Applicable

Specimen 1 Specimen 2

Rod 9 Posltlon _ Rod_9___Posltlon 2
Quallty of Break B Quality of Break B
Rod Speed 0,0B5 In./mln Rod Speed 0.034 In./mln
Area 0,0629 sq In. Area 0.0714 sq in.

Specimen 3

Rod__9____Posltlon 3
Quality of Break B
Rod Speed 0.035 In./mln
Area 0.0676 sq in.

Tensile Pull-Rod *Elon- Tensile Pull-Rod *Elon- Tensile Pull-Rod _Elon-
Stress Travel gatlon Stl_ss Travel gatlon Stress Travel gatlon
(pSi) (in.) (%) (psi) (in.) (%) (psi) (in.) (%)

0 0 0 0 0 0 0 0 0

970 0.0o8 0.2o 882 o.oo9 0.23 918 O.OLO o.25

1,89o o.o13 0.33 1,55o o.o13 o.33 1,64o o.o14 o.35

2,830 0.017 0.43 2,210 0.o18 0.45 2,340 o.o19 0.48

3,7oo o.o22 0.55 3,10o o.o23 o.58 3,14o o.o24 o.60

4,640 0.029 o.73 3,950 o.o31 o.78 4,o7o o.o31 0.78

5,660 o.o37 0.93 4,900 0.o39

6,770 o.o47 1.18 5,78o 0.o48

7,730 o.o55 1.38 6,740 0.o58

0.98 5,000 0.039 0.98

1.20 6,000 0.050 1.25

i .45 6,880 0.061 1.53

*Based on pull-rod travel
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Table B-lO (cont'd)

Radlation-Cryotemperature Test Data: .....Duroid 5600

Type of Test LN2 LowDose

Ult. Tensile Strength (avg) 7_140/744 psi
Total Elon_stlon (avg):
Pull Rod( 4.0 -in. gage length) 1.26 %

Pull Rod Spee-_ Break (avg) 0.025 in./min
Pull Assembly Unit We_$
Date of Tensile Tes't_______5-6 _

Specimen i

Rod7 Position i
Quality of Break B
Rod Speed_in./mln
Area 0.0648 .sq in.

Tensile
Stress

(psi)

Pull-Rod

Tra ve 1

(in.)

*Elon-

gation

Specimen 2

(Material I )

Type of Material Electrical Insulation

Radiation Exposure:

Gamma 4.6(9) .... ergs/gm(C_
Neutron_E<0.48 ev) I 1(14) n/cm
Neutron(E>2.9 Mev) "619_141 n/c mz

Date of Irradiation ........4-25-63

Specimen 3

Rod___7___Position
Quality of Break B
Rod Speed 0.055 in./min
Area 0.0628 sq in.

Pul l-Rod
Travel

(in.)

Tensile
Stress

(psi)

*Elon-

gatlon

Rod7Position 3

Quality of Break
Rod Speed_____0__5___in.ymih
Area O.O_3 sq in.

Tensile
Stress
(psi)

Pull-Rod
Tra ve 1

{in.)

*Elon-
gation

0 0 0 0 0 0 0 0 0

309 0.006 0.15 1,040 0.007 0.18 1,400 0.008 0.20

0.28

0.50

5,250

6,790

0.011

0.020

2,260

3,740

5,340

6,770

o.o32

o.o13

0.022

o.034

0.047O.O45

O.O55

0.33

0.55

0.85

1.18

7,950

0.80

1.13

2,600

4,000

5,370

6,690

i .38

o.o13

0.024

0.033

0.33

*Based on pull-rod travel

0.60

0.83

o .049 1.23
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Table

Radiation-Cryotemperature Test Data:

Type of Test LN2 Low Dose

Ult. Tensile Strength (avg) 6,660/325 psi
Total Elongation (avg):

Pull Rod ( 4.0-1n. gage length) 1.44 %
Pull Rod Spee-e-6_Break (avg) 0.031 in./mln
Pull Assembly Unit East

Date of Tensile Test 9-ii-6_

Specimen 1

Rod 9 Position 1
Quality of Break B

Rod Speed 0.029 In./min
Area 0.0630 sq in.

Specimen 2

Hod___LPosltlon 2
Quality of Break B
Rod Speed 0.034 In./mln
Area 0.0616 sq in.

Tensile Pull-Rod *Elon- Tensile Pull-Rod
Stress Travel gatlon Stress Travel

(psi) (in.) {%) (psi) (in.)

0 0 0

B-IO (cont'd)

Duroid 5600 (Material I )

Type of Material Electrical Insulation

Radiation Exposure:

Gamma 6.9(9) ergs/gm(C)
Neutron{E < 0.4_ ev_ 1.4(14) n/cm_
Neutron(E > 2.9 Mev) I._(15) n/cm _

Date of Irradiation _-11-6_

Specimen 3

Rod___ Position 3
Quality of Break B
Rod Speed 0.031 In./mln
Area 0.0627 Sq in.

*Elon- Tensile Pull-Rod *Elon-

gatlon Stress Travel gatlon
(psll (in.)

0 0 0 0 0 0

698 0.005 0.13

1#460 O.Oll 0.28

2,100 0.016 0.40

3,080 0.022 0.55

4,140 0.030 0.75

4,980 0.039 0.98

5,790 0.047 1.18

6,540 0.056 1.40

,I

*Based on pull-rod travel

471 0.008 0.20 781 0.009 0.23

i#010 0.012 0._0 1#400 0.012 0.30

1,830 0.018 0.45 3,160 0.017 0.43

2,740 0.024 0.60 3,350 0.023 0.58

3,880 o.o31 0.78 4,31o o.o31 0.78

4,900 0.040 1.00 5,410 0.039 0.98

5,440 0.050 1.25 6,170 0.048 1.20

6,450 0.059 1.48 7,000 o.o57 1.4_
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Table B-IO (cont'd)

Radiation-Cryotemperature Test Data:

Type of Test LN2 High Dose

Ult. Tensile Strength (avg) 5,800/402 psi

Total Elongatlon (avg):
Pull Rod ( _.0 -in. gage length) 1.15

Pull Rod Spee-_Break (avg) 0.027 in./min
Pull Assembly Unit East
Date of Tensile Test 9-11-63

Specimen 1

Rod___9____Posltlon 4
Quality of Break A
Rod Speed 0,028 in./mln
Area 0,0606 sq in.

Tensile Pull-Rod *Elon-
Stress Travel gation

(psi) (in.) (%)

0 0 0

825

1,450

2,060

2,720

3,380

3,96o

4,49o

5,200

5,690

0.006 o.15

O.Oll 0.28

o.o16 o.4o

0.020 0.50

0.025 0.63

0.o31 0.78

0.035 0.88

0.040 1.00

0.046 1.15

*Based on pull-rod travel

Specimen 2

Duroid 5600 (Material I )

Type of Material Electrical Insulation

Radiation Exposure:
Gamma 1.4(10) ergs/gm(C)
NeutronlE<0.48 ev_ 2.9(14) n/em2
Neutron{E>2.9 Mev) 2.9(15} n/cm z

Date of Irradiation 9211-6_

Rod____Position 5
Quality of Break ......A
Rod Speed 0.027 in./mln

0.0599 aq in.Area

Tensile
Stress

(psi)

0

535

Pull-Rod *Elon-

Travel gatlon
(in.)

0 0

0.006

0.016

0.019

0.022

0.026

0.031

O.036

0.041

0.o47

1,020

i,490

2_020

2,640

9,210

3t910

4,510

5,050

5,660

6_200

0.15

0.23

0.30

0.40

0.48

0.55

0.65

0.78

o.9o

1.03

i .18

Specimen 3

Rod____9___Positlon 6
Quality of Break B
Rod Speed 0.025 in./min
Area 0.0618 sq in.

Tensile
Stress

(psi)

Pull-Rod
Trave 1

(in.)

*Elon-
gation

0 0 0

275 0.006 0.15

501

841

1,150

1,570

1,960

2,430

2,880

3,400

3,960

0.009

0.012

0.016

o.o19

0.023

0.026

0.028

0.031

0.034

0.o36

0.042

4,430

5,000

0.23

o .3o

0.40

0.48

0.58

o .65

0.70

O.78

0.85

5,520 0.045 1.13
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Table B-12

Radiation-Cryotemperature Test Dats, Lamieoid 6038E (MsterJel J )

Type of Test Ambient-Air Controls Type of Msterl_l Electrical Laminate

Ult. Tensile Strength (avg) 56,500/3,300 psi

Total Elongation (avg): '

Croashead (3.5-in. Esge length) 3.62 .._
Extensometer _2.0-1n. gage lenEth) 5,00

Crosshead Pull Speed 0.0_ In./m[n

Date of Tensile Test 6-24-63

Radiation Exposure:
Gamma O

Neut r on--_ E-_--O .-IT_ ev-__ ......0
Neutron (E>2.9 May)-- -0

ergs/gm(C)

Date of Irradiation Not Applicable

q

Specimen i Speclmen 2

Quality of Break A Quality of Break B
Pull Speed 0.05_ Pull Speed 0.05_
Area O._'tri_ sq In. Area _0.0325 sq in.

Ten- Cross- Elongat!on Ten- Cross- Elongation

slle head Cross- Ex- Bile head Crossq Ex-
Stress Travel head tens Stress Travel head| tens

(psi) (in.) (%) (%) (psi) (in.) (%) | (%)

Specimen 3

Quality of Bresl( B

Pull Speed 0.05-]-_,,_-I_[

Are_ ....._Q,0317 sq In.

Ten- Cross- E1ung_.t {on

Bile head -C_Gsc-_:_ Ex---Z-
StI'esa Trave] hen(l | tens

Specimen 4

Quality of Break B

Pull Speed 0.05 In./min

Ares O,0313 sq in.

Ten- Cross- Elongation
sile head Cross_ Ex-

Stress Travel head| tens

(p_l) (in.) (_) I (_)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2,980 0.010 0.29 0.0_ 2,770 0.010 0.29 0.05 1,260 0.010 0.29 0.02 2,820 0.010 0.29 0.04

6,900 0.020 0.57 0.12 6,770 0.020 0.57 o.14 5,040 0.020 0.57 o.o9! 7,360 0.020 0.57 o.12

13,200 0.030 0.86 0.23 11,400 0.030 0.86 0.23 I0,i00 0.030 0.86

18,500 0.040 1.14 0.31 16,000 0.0_0 1.14 !0.36 15,400 0.040 1.14

0.20:12,800 0.030

0.34 18,100 0.040

0.86 0.22

1.14 0.35

23,200 0.050 1.43 0.55 21,00o 0.050 1.43 0.53 20,500 0.050 1.43 0.50 23,000 0.050

27,900 0.060 1.71 0.72 25,500 0.060 1.71 0.70 25,200 0.060 1.71 0.67 27,500 0.060

32,300 0.070 2.00 0.89 30,300 0.070 2.00 0.87 29,900 0.070 2.00 0.85 32,200 0.070

1.43 0.56

1.71 0.76

2.0o 0.97

37,300 0.080 2.29 1.o9 35,2o01 0.080 2.29 1.04 34,300 0.080 2.29 1.o3 36,200 o.08o 2.29 1.16

41,700 0.090 2.57 1.28 40,000 0.090 2.57 1.22 38,900 0.090 2.57

46,000 0.I00 2.86 1.46 44,600 _ O.lO0 2.86 1.41 43,500 O.lO0 2.86

50,200 0.ii0 3.14 1.64 48,900 0.ii0 3.14 1.59 {47,400 0.II0 3.14

i

54,700 0.120 3.43 1.85 52,300 0.117 3.34 1.74 51,800 0.120 3.43

1.22 40,500 0.090

1.42 44,800 0.i00

1.58 49,300 0.ii0

1.78 54,400 0.120

2.57 1.37

e.86 1.56

3.14 1.77

3.43 1.99

59,100 0.130 3.71 2.08 55,900 0.130 3.71 1.96 58,700 0.130 3.71 2.20
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Table B-12 (cont'd)

Radlstlon-C_otemperature Test Data: Lamicoid 60)8E (Material J )

Type of Test Amblent-Air Low Dose Type of Msterlol Eleotrieal Laminate

Ult. Tensile Strength (avg) _6#400/35_
Total Elongation (avg):
Croashead (3.5-In. gage length)

Extensometer_2_O-In. gage length)
Crosshead Pull Speed 0.28

Date of Tensile Test _-iT-b _

pal Radlatlon Exposure:
Oamme 1.1(!pJ ._
Neutron _E < O. qB ev ;___--_-_ :_(I.
Neutron (E > 2.9 Mev) 2.2_J

4.03
2.07 .p

In./mln
Date of Irradiation 4-2_r63

n/cmA

n/cm _

Specimen 1 Specimen 2 Specimen 3 Specimen 4

Quality of Break A Quality of Break B Qusllty of Break Quality of Break

Pull SpeedO_50_ Pull SpeedO.O_in./mln Pull Speed "1-6?.2_I-6 Pull Speed in./mln

Area _ sq In. Area b.O_2b sq in. Are., -- sq In. Area --sq in.

Ten- Cross- ElonKation Ten- Cross- ElonKatlon Ten- Cross- ElonRt, tton Ten- Cross- Elon_sl;ion
Bile head Cross- Ex- Bile head Cross- EX- Bile head "6_'6_-_.x--T-- Bile head Croaa_ Ex-

Stress Travel head tens Stress Travel head tens St,_sa Travel head [ tens Stress Travel head| tens

(psi) (in.) (%) (%) (psi) (in.) (%) (%) (psi) (in.) (%) I (%! (pal) (in.) (%) | (%)

0 0 0 O 0 0 0 0

22,900 0.060 1.71 0.68 7,050 0.025 0.71 0.08

38,800 0.100 2.86 1.37 19,300 0.050 1.43 0.37

50,800 0.130 3.71 1.92 30,600 0.07"5 2.14 0.79

56,600 0.146 4.17 2.17 41,I00 0.i00 2.86 1.26

49,9o0 o.12o 3.43 1.66

5_,200 0.13o 3.71 1.87

56,200 0.136 3.89 1.97
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Table B-12(eont'd)
Rsdiatlon-C_otemperatureTestData: Lamicold 6038E(Moterisl J)

Type of Test Ambient-Air Low Dose Type of Materlal Electrical Laminate

Ult. Tensile Strength (avg) _?t3OO/X
Total Elongation (avg):

Crosahead ( 3.5-in. gage length I 3.71
Extenaometer [2.0-in. gage length;_ !.77

Crosahead Pull Speed 0.05
Date of Tensile Test 6-24-63

,,, psi Radiation Exposure:

]_ Gamma l.l(10)Neutron_E> _.9 Mev)L____ej_tlS)
in./mln

Date of Irrsdiatlon ...... 5_9z_3

Specimen 1 Speclmen 2 Specimen 3 Specimen 4

Quality of Break A Quality of Break Quallty off Break Quality off Break

Pull Speed__ Pull Speed in._m'i'n Pu].l Speed --J_]_,-[-i[ Pull Speed In.2_i-n

Area_ O.O_Q_ sq in. Area sq in. Are:_ ..... aq In. Area _sq in.

Ten- Cross- Elonsatio n Ten- Cross-'Elon_ation Ten- Cross- E]ongl, t],;,* Ten- Cross- Elongation

aile head Cross= Ex- sile head C@oss- ExL slle head L--'_'6-6s_U:T'_[_q-- alle head q_-r_
Stress Travel head tens Stress Travel head tens StrearJ Trove] he_id | tunn Stress Travel head I tens

(pal) (In.) (%) (%) (psl) (In.) (%) (%) (p_,1) I (in.) (%) I (_) (p_i) (ln.) (_) I (_)

0 0 0 0

1,130 O.OLO!0.29 0.01

.......................

_,860 0.020 0.57 0.06

10,400 0.o30! 0.86 0,I_

15,500 O.OhO' I.i_ 0.26

21,100 0.050 i._3 0._2

25,600 0.060 i.7i 0.57

,30,3oo 0.070 2.00 0.72

;35,1oo 0.080 2.29 0.90

39,700 0.090 2.57 i.07

44,700 0.I00 2.86 1.27

49,100 0.II0 3.1_ l.h4

53,300 0.120 3._3 1.61

57,300 0.130 3.71 1.77
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Table B-12 (cont'd)

Hadtatlon-Cryotemperature Test Data: Lamleold 60_8E (Material J )

Type oF Test Ambient-Air Hl_h Dose Type of Material Eleotrlcal Laminate

Ult. Tenslle Strength (svg) 5_#I00/ltOOO pal

Tots1 Elongation (avg):

Crosshead (3,5-1n. gage length) 3.92
Extensomete_-tn. gage length) 1.79

Crosshead Pull Speed 0.0_ tn./mln
Date of Tenslle Test _-lT-b 3

Radiation Exposur_:
oam_a _ ___5.800)
NeuLron _E<O._ ev-7___Sp_(14 )
Neutron (E>2.9 Rev)_ _.I_16)

Date of Irradiation 4-29-63

e_,/_(c_
n/am
n/cm 2

Specimen 1 Specimen 2 Specimen 3 Specimen 4

Quallty of Break B Qusllty of Break A qusllty of Break B Quality of Break

Pull Speed__ Pull Speed 0.O__ Pull Speed 0___. -'I-67._ Pull Speed

Area 0.0"_26 sq in. Ares 0.0_34 sq ln. Are. O.q_,2_ sq In. Ares _ sq in.

Ten- Cross- glonaatlon Ten- iCross- glon_atlon Ten- Cross- Elongl,tton Ten- Cross-IElongation
slle head Cross- Ex- Bile head Cross- Ex- Bile head _-_.x--i-- slle head ICross- Ex-

Stress Travel head tens 3tress Travel head tens StI_sa Trsve] head tens Stress Travell head tens

(psi) (In.) (%) (%) (psi) (in.) (%) (%) (psi) (in.) (%) (%) (psi) (in.)! (%) (%)

0 0 O 0 0 0 O 0 0 O 0 0

2,760 o.oi0 0.29 0.06 748 0.005 0.14 1o.03 626 0.005 0.14 0.03

7,050i 0.020 0.57 O.ll _,640 0.015 0._3 0.08 4,320 0.015 0.43 0.08

16,9oo O.OJ¢O 1.14 0.27 13,800 0.035 1.00 0.26 15,100 0.040 1.14 0.25

26,40o 0.060 1.71 0.52 23,300 0.055 1.57 0.54 24,7o0 0.060 1.71 0.55

35,800 0.080 2.29 0.82 31,700 0.075 2.14 0.83 34,3oo 0.080 2.29 0.87
! |

43,800 0.I00 2.86 1.13 39,800 0.095 2.71 1.12 42,900 0.I00 2.86 1.21

51,800 0.120 3.43 1.44 h7,000 0.115 3.29 1.43 51,900 0.120 3.43 1.60

56,200 0.131 3.74 1.62 54,300 o.135 3.86 1.74 57,900 o.136 3.89 1.87

57,2o0 o.145 4.14 1.88

199



Table

Radiatlon-Cryotemperature Test Data:

Type of Test LN2 Controls

Ult. Tensile Strength (avg) 106,000/5,460 psi
Total Elongation (avg):
Pull Rod ( 3.5-In. gage length) 8.84 %

Pull Rod Spee--_Break (avg) 0.026 in./min
Pull Assembly Unlt Wsst
Date of Tensile Test 4-i_-63

B-ll

Lamlcoid 60_8E (Material J)

Type of Material Electrical Laminate

Radiation Exposure :
Gamma 0 ergs/gm(C)

Neutr'on{E < 0]48 ev I 0 n_cm2Neutron(E>2.9 Mev 0

Date of Irradiation Not ADpllcable

• Specimen 1

Rod 1 Position 1
Quailty of Break - A
Rod Speed O.Olq in./min

Area 0.O335 sq in.

Tensile Pull-Rod *Elon-
Stress Travel gation

, (psi) (In.) (%)

I

Specimen 2

1,190 0.004

3,280 0.OO8

5,810 0.0i2

20#400 0.042

35,800 0.058

47,700 0.098

58,300 0.123

60,500 0.129

75,300 0.168

73,300 0.171

83,500 0.217

91,400 0.241

97,600 0.269

[01,000 0.278

I05,000 0.295

Rod 1 Position 2

Quality of Break A
Rod Speed___51n./n_in
Area 0.03_5 sq In.

Tensile Pull-Rod
Str'ess Travel
(psi) (in.)

0 0 0 0

o. i2 596

0.22

0.34

i .20

i .95

2.81

3.52

3.69

4.80

.89

16,800

34,000

42,900

50,400

60,100

66,800

75,100

*Elon-

gation

Specimen 3

Rod i eositlon 3

Quality of Break A
Rod Speed 0.045 In./min
Area 0.0335 sq in.

Tensile
Stress

(psi)

Pull-Rod
Travel

(in.)

_Elon-

gatlon
(%)

0 0 0 0 0

0.006 0.16 ],040 0.001 0.01

0.011 0.30 2,090 0.002 0.02

0.013

0.034

O.O69

0.37

0.96

1.97

2.48

3.31

4.20

4.46

5.44

o.o87

O.ii6

0.147

3,130

7,450

14,500

23,900

45,500

63,500

61,100

72,300

o.156

o. oo3

o.oo8

o.o19

o.o38

o.o81

O. i28

0.i34

0.i67o.190

0.04

0.22

0.55

1.09

2.30

3.65

3.83

4.76

6.21 7i,600 0.193 5.53 81,100 0.202 5.77

6.87 84,i00 0.220 6.28 98,200 0.277 7.90

7.68 9O,900 0.252 7.20 105,000 0.3O9 8.82

0.3387.95 96,900

102,000

7.83 i09,ooo

8.14 112,0008.41

0.274

0.285 0.349

9.65

9.96

*Based on pull-rod travel

NOTE: All these specimens delaminated badly.
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Table B-13 (cont'd)

Radiatlon-Cryotemperature Test Data:

Type of Test LN 2 Low Dose

Ult. Tensile Strength (avg) 106,000/990 pal
Total Elongation (avg):
Pull Rod ( 3.5-In. gage length) 8.80 %

Pull Hod Spee--_Break (avg) 0,0i? in./min
Pull Assembly Unit West
Date of Tensile Tesb 4-25-63

Specimen 1
Rod 1 Position "i

Quality of Break A
Rod Speed 0,013 in./mln
Area 0,0329 sq in.

Tensile Pull-Rod *Elon-

Stress Travel gatlon

(pal) (in.) (%)

00 0

4_260

31,900

49,200

59,900

68,200

77,800

79,300

87,200

85,900

90,700

96,800

i01,000

99,800

o.oo5

0.057

0.093

o.125

o.15o

0.171

0.178

0.210

0.210

o.23o

o.254

0.280

0.280

104,000

106,000 0.300

*Based

NOTE:

0.15

1,62

2.66

3.57

4.28

4.90

5.07

6.01

6.01

6.58

7.25

8.01

8.01

0.287 8.19

8.56

on pull-rod travel

Specimen 2

RodlPositlon
Quality of Break

Rod Speed 0.018
Area 0.0329

Tensile
Stress

5,170

22,200

31,300

43,500

54,000

51,800

65,300

75,400

74,200

78,400

89,700

97,300

103,000

106,000

107,000

Pull-Rod
Tra ve i

(ln.)

O.OO5

0,031

0.054

0.082

0.I00

0.iO0

0.138

0.164

o.164

0.182

0.232

0.262

0.286

0.302

0.315

All these specimens delaminated badly.

_umlcoid 6038E (Material J )

Type of Material Electrical Laminate

Radiation Exposure:

Gamma 9.0 (9) ergs/gm (C_
Neutron(E< 0.48 ev) 2 9(14) n/cm^
Neutron(E > 2.9 Sev) i L5(15) n/eraz

Date of Irradlatlon 4-25-63

Specimen 3

2
A

in./mln
,,sq in.

*Elon-

gatlon

0

0.14

0.89

1.53

2.35

2.85

2.85

3.95

4.69

4.69

5.20

6.61

7.49

8.17

8.63

9.00

RodiPosltion 3 ....
Quality of Break A
Rod Speed O.0_9 In./mlh
Area 0.0329 sq in.

_Elon-Tenslle
Stress

(psi)

0

7,450

32.200

53,000

70,700

65,300

77,800

77,100

86,200

92,200

91,500

98,300

102,000

104,000

102,000

106,000

Pull-Rod
Travel

(ln-I
0

0.006

0.058

O.lO3

0.148

o.154

o.183

o.183

o.215

o.24_

0.244

0.271

0.286

0.294

0.294

0.310

gation

0

0.18

1.65

2.94

4.23

4 ._i

5-2_

5.2_

6.15

6.98

6.98

7.7.5_

8.17

8.40

8.40

8.85

P
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Table B-13 (cont,d)

Radlatlon-Oryotemperature Test Data: Lamlcold 6038E (Material J )

Type of Test LN2 High Dose

Ult. Tensile Strength (avg) 105,000/5,710 psi
Total Elongation (avg):
Pull Rod ( 3.5 -in. gage length) 7.87 %

Pull Rod Spee--_Break (avg) 0.O18 in./mln
Pull Assembly Unit East
Date of Tensile Test 9-1q-6q

Specimen 1

Rod 2 Position 1

Quali-_6_-of Break A
Rod Speed 0.015 In,/mln

Area 0.0308 ....sq in.

Tensile Pull-Rod *Elon-
Stress Travel gatlon

(psi) (In) , (%)
0 0 O

5,270

21_O00

35,100

51,700

64,400

73,3o0

77,iO0

0.008

0.088

o.113

0.131

0.23

O.9T

1.68

2.52

3.23

3.75

Specimen 2

Type of Material Electrlcal Laminate

Radiation Exposure:

Gamma 6.7 (i0 ) • ergs/gm( C_
Neutron(E<0,48 ev} 8 5(14) n/cm_

Neutron{E>2.9 Mev)_n/cm2

Date of Irradiation q-lq-6_

Rod 2 Position 2

Quaff Break A
Rod Speed 0.026 in./mln

Area 0.032 _ sq in.

Tensile Pull-Rod
Stress Travel

(psi) (in.)

0 0

3,080

16,9oo

31_400

46,.100

55,700

0.002

0.O11

0.037

0.068

o.o89

0.11468,000

77,7o0

Specimen 3

Rod 2 Position 3
Qualq-ty of Break A

Rod Speed 0.013 In./mln
Area 0..0332 sq in.

*Elon-

gation
(%)

0

0.05

0.32

1.05

1.93

2.55

3.27

Tensile
Stress

(psi)

0

9,960

37,300

51,300

62,400

78,000

83,100

Pull-Rod
Travel

(in.)

o.oo9

O.O44

o.08O

*Elon-

gation
(%)

0

0.27

1.27

2.29

0.114 3.27

O. 160 4.57

o.174 4.97

0.137 3.92 0.140 4.01 72,500 0.174 4.97

80,000 0.148 4.23 85,700 0.168 4.79 82,800 0.177 5.05

95,600 0.194 5.53 82,000 0_171 4.88 88,200 0.198 5.67

102,000 0.217 6.19 83,800 0.174 4.97 81,400 0.207 5.93

I00,000 0.218 6.23 84,000 0.175 5.01 87,800 0.224 6.41

93,300 0.219 6.26 83,000 0.177 5.05 90,500 0.234 6.69

88,100 0.220 6.28 88,300 0.192 5.49 89,000 0.234 6.69

105,000 0.243 6.94 98,400 0.249 7.10 98,0OO 0.267 7.63

7.80 0.259 0,294103,0007.41iii,000 I01,0000.273 8.40

*Based on pull-rod travel

NOTE: All these specimens delaminated badly.
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Table B-15

Radlation-Cryoteraperature Test Data z CTL-91LD (Materls] K )

Type of Test Ambient-Air Controls Type of Material Structural Laminate

Ult. Tensile Strength (avg) 29,300/1,750 psi Radiation Exposure:

Total Elongation (avg): " Gamma 0
Crosshead ( 3.5-In. gage length) 2.30 _ Neutr_O.--_B_v-[ -......0

Extensometer----['2.--O-In. gage length) 1.OO _ Neutron (E>2.9 Mev) ....

CFoashead Pull Speed O.ub In./m[n

Date Of Tensile Test , _-24-6q Date of Irrndiation Not Applicable

ergs/gm(C_
n/cm

n/em 2

Specimen 1 Specimen 2 Speelmen 3 Specimen

Quality of Break B Quality of Break B Quality off Brea|_ B Quality of Break B

Pull Speed 0.0__ Pull Spqed__ Pull Speed 0.0_ In._[ Pull Speed O.05-T6q7_

Area 0.0921 sq in. Area O.O_b2 . sq in. Area___9_Q_ - sq In. Area 0.0315 _sq in.
. . ............. . ..

Ten- Cross- Elonsation Ten- Cross- Elon_atlon Ten- (:ross-ElonE_,tlon Ten- Cross- Elon_atlon

811e head Cross- EX- Bile head Cross- Ex- slle head _f-[_:_-_x-_ sale head Cross- Ex-

Stress Travel head tens Stress Travel head tens Stress Trays] head| ten, Stress Travel _d tens(psi) (in.) (_) (_) (pat) (in.) (_) (_) (_al) (1_.) (_)|(_! (psi) (in.) (_)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

938 0.007 0.20 0.01 1,660 0.010 0.29 0.04 1,130 0.010 0.29 0.02 2,580 0.012 0.34 0.0_

4,820 0.020 0.57 0.09 3,730 0.015 0.43 0.09 3,950 0.015 0.43 0.08 6,670 0.023 0.66 0.12

8,710 0.030 0.86 0.19 5,520 0.020 0.57 0.14 7,900 0.025 0.71 0.20 10,800 0.033 0.94 0.22

13,100 o.o4o 1.za 0.34 9,390 0.030 0.86 0.27 12,1o0 0.035 1.o0 0.35 15,2oo o.o_5 1.29 1o.37

17,7o0 0.050 1.43 0.50 13,50o 0.040 1.14 0.42 15,8oo 0.o45 1.29 0.50 19,7o0 0.055 1.57 0.53

21,800 0.060 1.71 0.66 17,500 0.050 1.43 0.59 19,700 0.055 1.57 0.66 23,8oo 0.065 1.86 0.69

25,800 0.070 2.00 0.81 21,300 0.060 1.71 0.75 23,400 0.065 1.86 0.82 27,900 0.075 2.14 0.86

30,300 0.o80 2.29 0.98 25,100 0.o7o 2.00 o.91 26,700 0.073 2.o9 0.95 31,ooo 0.079 2.26 0.98

27,900 0.080 2.29 1.03

29,000 0.089 2.54 1.08
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Table _ (oonttd)

Radietion-Cryotemperature Test Data: CTL-91LD (Materlal K )

Type of Test Ambient-Air Low Dose Type of Materlal Structural Laminate

Ult. Tensile Strength (avg)___2,700/2,070 psi
Total Elongation (avg):

Crosshead ( .5-1n. gage length 2.44....
ExtenBometer_-In. gage lengthl 1.07

Crosshead Pull Speed 0.0_ In./min
Date of Tensile Test 6-2_-b_

Radlatlon Exposure:

Gamma I.I(i0) --

Neutron (E>2.9 Mev)= 2.4[!_)

Date of Irradlstion ..... 5_-_.29-6_

ergs/gm(C)

Specimen 1 Specimen 2 Specimen 3 Specimen

Quality of Break B Quality of Break B Quality or Break B Quallty of Break

Pull Speed 0.05-r677_ Pull Speed 0.0_ Pull Speed O.05--_._I-_ Pull Speed
Area O.031_-- sq in. Ares 0.0_ _--- sq in. Are_ O._g---- sq In. Area -- sq in.

Ten- Cross-i Elon_ation Ten- Croas-IElongetlon Ten- Cross- Elons,t_on Ten- Cross- Elonsatlon

slle head Cross- Ex- slle head iCross_ Ex- 811e head -_s-8_-_.x---/-- Bile head Cross_ Ex-
Stress Travel head tens Stx_ss Travel head| tens Stx_sa Travel head| tens Stress Travel head| tens

(psi) (in.) (%) (%) (pal) (in.) (%) I (%) (psi) (In.) (%) | (%) (psi) (In.) (%) | (%)

0 0 0 0 0 0 0 0 0 0 0 0

802 0,0101 0.29 0.02 1,310 0.010 0.29 0.02 810 0.010 0.29 ! 0_._0_2

3,85o 0.020! 0.57 0.09 4,080 0.020 0.57 10.09 3,890 0.020 0.57 0.o8i

7,7oo 0.o30 0.86 0.18 8.49o 0.030 0.86 o.18 8,lOO 0.030 0.86 o.111

12,200 0.0;40 1.14 0._1 13_i00 0.040 1.14 0.32 13,000 0.040 1.14 _Q.__2

16,700 0.050 1.43 0.46 17,600 0.050 1.43 0.48 17,300 0.050 1.43 0._8!

21,000 0.060 1.71 O.61 21,9OO 0.060 1.71 0.65 ;21,100 0.060 1.71 0.62

25,O0O 0.070 2.00 0.76 26,100 0.070 2.00 0.82 25,300 0.o70 2.00 o.76i

29,500 0.080 2.29 0.92 30,7oo 0.080 2.29 1.05 29,300 0.080 2.29 0.93

31,1ooi 0.083 2.37 0.99 34,6oo 0.087 2._9 1.16 32,4oo o.o86 2.46 1.o5
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Table _ (cant'd)

Hsd_atlon-Cryotemperature Test Data. CTL-91LD (M_ter]_l K )

Type of Test Ambient-Air High Dose Type off Mntert;,] Structural Laminate

UIt. Tensile Strength (avE) 33,600/886 psi

Total Elongation (avE):

Crosshead (3.5-in. ga_e length ) 2.1_9-
Extensometer |2.O-in. gaEe length) 1.09

Crosshesd Pull Speed .. 0.05 In./mIn
Date of Tensile Test 6-24-63

Radiation E×ponur,_:

Oam,m 3 9{iO)

Date o£ Irrndiatlon ...........D-29-63_

ergs/_m(C)

Speclmen I Specimen 2 Specimen 3 Specimen 4

Quallty of Break B

Pull SpeedO.0__

Area 0.0_01 sq in.

Ten- Gross- Elon_ blon
Bile bead Cross- Ex-

Stress Travel head tens

(p_i) (in.) (_) (_)

o 0 0 o

2,990 0.010 0.29 0.06

7,300 0.02O 0.57 0.16

12,300 0.030 0.86 0.31

16,900 0.040 1.14 0.45

21,900 0.050 l.a3 0.60

27,500

31,700

3h,500

1

i

I

I

!
I

0.060 1.71 0.79

0.070 2.00 0.98

0.077 2.20 1.09
I

Quality of Break B

Pull Speed O.0__

Area 0.0_21 sq In.

Ten- Cross-IElon_atlon
slle head Cross_ Ex---

i Stress Travel head| tens

i (psi) (In.)J(%) |(_)
I I

I olo o o
i .........

 ,11o OL2  o o.2 ?.06
!
i 7,78ol 0.02o o.57 o.15
I I .....

i12,5ooI o.o3o o.86 o.2 _

i 16,7001 0.040 1.14 0.38

i 21,0001 0.050 1.43 0.53

I
25,2001 0.060 1.71 0.69

29,6001 O.O7O 2.00 O.88

33,0001 0.078 2.23 1.02

' i

i

QuFJl.tty oi" Breah B

Pull Speod 0.0_ -F6:/_7[,{

Ar_,,___9_:o2_.9:--_£L__', '..

,].]e | head [(.,"_'_;_;5-]-'I.:X-Z---
:_1, I'Caf] [TP_Ve 1| |lO;t(l I t enr_

2',',)'(,,,.)/

0_0 0 0

Ouallty of Break
I'uJ.1 Speed
Are;} oq in.

Ten- ICr°ss- Elon_stlon

s[le I head _ross_ _x-
Stressi Travel head} tens

(p,i)J(i,,) (_) |(_;)

2,420 ! O.010 0.29 0.05

7,270 0.020 0.57 O.14

11,8oo 0.030 0.86 o._4

]7,ooo 0.040 1.14 0.38

21,8oo 0.050 i._3 0.53

26,300 0.060 1.71 0.68

30,500 0.070 2.00 1.08

33,200 0.075 2.1h 1.17
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Table B-16

Radlatlon-Cryotemperature Test Data: CTL-91LD (Material K )

Type of Test LN_ Controls Type of Material Structural Laminate.

Ult. Tensile Strength.(avg).. 42,400/650 psi
Total Elongation (avg)z
Pull Rod ( 3.5-in. gage length) 3.17 %

Pull Rod Spee--_Break (avE) 0.050 In./min
Pull Assembly Unit West
Date of Tensile Test 4-19-63

Radiation Exposure:

eam_ o e_s/_(c)
Neutron_E < 0.4U ev_ 0 n/cm_
Neutron(E > 2.9 Hey) 0 n/cm _

Date of Irradiation Not Applicable

Specimen i

Rod 4 Position i

Quaff Break B
Rod Speed 0.056 In./mln
Area _sq in.

Tensile Pull-Rod *Elon-
Stress Travel gatlon
(psi) (in.) (%)

0 O 0

2,560

5.710

11,600

0.003

O.015

0.032

0.17

0.43

0.91

Specimen 2
Rod 4 Position 2

Qua_y of Break B
Rod Speed 0.049 In./mln

Area 0.031_ sq in.

*Elon-Tensile
Stress

(psi)

0

4,430

7.600

15,500

Pull-Rod
Tra ve i
(In.)

0

0.009

0.019

o.o4o

gstlon

0

0.27

0.53

1.15

Specimen 3

Rod 4 Position 3
QuaTity of Break

Rod Speed 0.045 In./mln
Area 0.0324 sq in.

Tensile
Stress

(psi)

0

1,850

4,940

12,200

Pull-Rod *Elon-
Travel gatlon
(in.) (%)

0 0

0.004

0.012

0.030

0.ii

0.35

o.86

17,600 0.051 1.45 25,000 0.064 1.82 21,000 0.053 1.51

25,700 0.069 1.97 34,800 0_090 2.56 30,600 0.078 2.22

34,800 0.092 2.64 43,000 0.110 3.15 37,400 0.096 2.75

41,900 0.112 3.20 42,300 0.ii0 3.15

*Based on pull-rod travel
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Table B-16

Radiation-Cryotemperature Teat Data:

(eont'd)

CTL-91LD

Rod Position
Quaff Break
Rod Speed
Area

Type of Test LN2 Low Dose

Ult. Tensile Strength (aVE) 41,700/0 psi
Total Elongation (avE):
Pull Rod ( 3.5-In. gage length) 3.27 %

Pull Hod Spee--_Break (avg) Q.OO8 in./mln
Pull Assembly Unit Wes$ ....
Date of Tensile Test 4-25-6q

Specimen 1 Specimen 2

Rod 4 Position 2

Quality of Break B
in;/min Rod Speed 0.009 In./mln
sq in. Area nO'0324 sq in.

Tensile
Stress

(psi)

Pull-Rod
Trave 1

(in.)

(Material K )

Type of Material Structural Laminate

Radiation Exposure:

Gamma 9.3 (9)
NeutrSn(E< 0._8 ev_
Neutron(E>2.9 Mev}

Date of Irradiation

gatlon

0

erga/gm(C_
• 2.1(14)n/cm_

1,2(15)n/cm z

4-25-63 :

Specimen3, iiI

Rod 4 Position 3
Qual-_y of Break B
Rod Speed 0.006 In./E,i-_
Area .... "0.0324 sq in.

Tensile Pull-Hod *Elon-

Stress Travel gation

{psi} (ln.) (%}

0 0 0 0 0

6,640 0.020 0.57 6,950 0.021 O.6O

0.91ii,I00

17,900

25,500

i .43

1.91

2.40

2.77

0.032

Tensile Pull-Hod *Elon-

Stress Travel gatlon
(psi) (in.) (%)

33,000

38,600

41,700

0.050

0.067

0.084

0.097

16,700

23,800

30,300

36,100

40,100

0.045

0.063

0.079

0.095

O.lO7

1.29

1.80

2.26

2.71

3.06

o.117 3.34 41,7oo o.I12 3.20

q

*Based on pull-rod travel
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Table B-16

Radlstlon-CPyotemperature Test Data :

Type of Test LN 2 High Dose

Ult. Tensile Strength (avE) 33,600/3,190 psi
Total Elongation (avE) :
Pull Rod ( 3.5-In. gage length) 1.75 %

Pull Rod Spee-_ Break (avE) 0.027 In./min
Pull Assembly Unit Eas_
Date of Tensile Test 9-13-63

-- (cont'd)

CTL-91LD (Material K )

Type of Material Structural Laminate

Radiation Exposure :

6.7(lO)
Neutron_E<0.4_ ev) 8,0(i4) n/cm 2
Neutron(E >2.9 Mev) 1.2(16) n/m,

Date of Irradiation 9-13-63

Specimen I Specimen 2

Rod 4 Position 2 Rod 4 Position 4

Qua_Ey=-6f Break A Qua_-6f Break B
Rod Speed 0.029 In./mln Rod Speed 0.028 In./mln
Area O.O29_ sq in. Area 0.0290 sq in.

Specimen 3

Rod 4 Position 6

Quaff Break B
Rod Speed 0.024 in./min
Area _ sq in.

Tensile Pull-Rod *Elon- Tensile Pull-Rod *Elon- Tensile Pull-Rod *Elon-

Stress Travel gatlon Stress Travel gatlon Stress Travel gstlon
(psi) (in.) (%) (psi) (in.) (%) (psi) (In.) (%)

4,360

7,220

8,900

13,1OO

17,600

21,800

0

0.008

o.o13

o.o16

0.024

0.032

0.040

0.048

O

0.23

0.36

O.45

0.68

O.91

1.14

1.37

1,720

5,860

i0,000

i_,i00

18,300

22,400

26,600

0.003

0.010

0.O17

0.023

0.030

0.037

0.043

O

0.08

0.27

26,200

O.47

0.67

0.86

1.05

1.24

0

1,2460

5,270

36,800

9,080

12,900

16,700

20,500

24,300

O

0.003

0.010

0.018

0.025

0.033

0.0_0

0.o47

0.07

0.29

0.51

0.72

0.93

i .124

i .33

0.058 1.64 29,ooo 0.049 1.4o 28,100 0.053 1.52

0.064 1.82 31,4o0 0.052 1.48 31,9oo o.o61 1.73

0.o6532,600o.o67 i .92 1.84

*Based on pull-rod travel
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Table B-18

Radtatton-CrTotemperatuce Test Data: DC-210_ (Meterlal L )

Type of Teat Amblent-Alr Controls Type of Materlsl Structural Laminate

Ult. Tensile Strength (avE) 16,OO0/971 psi

Total Elongstlon (avE):

Crosshead (_____. -in. gage length} 1,91
Extensometer_-in. gage lengthJ 0.76

Crosshead Pull Speed 0.0_ In./mln

Date of Tenslle Test 0-24-69

Radiation Exposure:
Gamma 0

Neutron _E<O._U ev)' ' _-_--0-
Neutron (E>2.9 Mev)-- 0

e_e/_(C_
_/CM

n/cm 2

Date of Irradiation Not Applicable

Specimen 1 Specimen 2 Specimen 3 Specimen 4
..

Quality of Break B Quality of Break B Quvllty of Break B Quality of Break B

Pull Speed 0.05_ Pull Speed__ Pull Speed O____I-Tn-?Tm-['K Pull SpeedO,O__

Area o.T sq in. Area 0.014_ sq in. Ares 0.0_-- aq In. Area 0.0/_10 eq in.

Ten- Cross- Elon_atlon Ten- Cross- Elonsatlon Ten- Cross- E1onE, tton Ten- Cross- ElonKatlon

Bile head Cross- Ex- alle head Cross_ Ex- alle head r_L_.x---_-_ slle head Croaa_ Ex-
Stress Travel head tens Stress Travel head| tens St.z_ss Travel head [ tens Stress Travel headl tens

(psi) (In.) (%) (%) (pal) (in.) (%) | (%) (psl)i (in.) (%) I (%) (pal) (in.) (%) | (%)

0 0 0 0 0 0 0 0 0 0 O O 0 O 0 0

502 0.005 0.1_ 0.02 460 0.005 0.14 0.02 1,300 0.010 0.29 0.0_ 2,200 0.012 0.34 0.07

5,020 0.025 0.71 0.21 1,150 0.010 0.29 0.04 4,150 0.020 0.57 0.15 4,880 0.020 0.57 0.19

8,160 0.035 1.00 0.36 3,330 0.018 0.51 0.13 7,130 0.030 0.86 0.26 7,560 0.030 0.86 0.31

9,580 0.0_o 1.14 0.45 6,210 0.028 0.80 0.26 I0,I00 0.0_0 1.14 0.38 lO,0OO 0.0_0 1.14 0._3

ii,700 0.0/45 1.29 0.57 8,0140 0.035 1.00 0.36 13,000 0.050 1.43 0.50 12,700 0.050 1.43 0.57

13,100 0.055 1.57 0.67 10,600 0.O_5 1.29 0.48 15,300 0.060 1.71 0.60 14,700 0.060 1.71 0.69

1_,800 0.065 1.86 0.76 12,400 0.050 i._3 0.57 16,7o0 0.070 2.00 0.82

15,300 0.066 1.89 0.78 14,400 0.060 1.71 0.67 17,300 0.075 2.14 0.88

16,400 0.067 1.91 0.79
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Table B-18(cont'd)
Radlatlon-Cryotemperature Test Data: DC-210h (Mater_nl L )

Type or Test Amblent-Air Low Dose Type of Materlnl Structural Laminate

Ult. Tensile Strength (8vg) 19,300/I_420
Total Elongation (svg): ....

Crosshead (3.5-In. gage length } 2.20

Extenaometer (2.O-In. gage length) O._
Croashead Pull Speed 0.05
D_te or Tensile Test 6-24-63

psi Radlstlon Exposure:

Gamma I.i_0)

Neutr_D._B-_v-_--_14-_Neutron (E>2.9 Mev)_._T_{_5_.

in./mln
Date of Irri_dIstlon 5-29-63

ergs/gm(C)

q

Specimen 1 Specimen 2 Specimen 3 Specimen 4

QualltF of Break B Quality of Break B qu_llty of Brea_( B Quollty of Break

Pull Speed O.05--F6]y_n Pull Speed 0___00__ Pull Speed 0.05-]-_.2_-_T Pull Speed

Area 0.O3385 sq in. Area b,Oq$28 .sq in. Are,_ __ O.Oq_-_Q_q_I2L_--- sq )n. Area . sq in.

Ten- Cross- Elon_atlon Ten- Cross- Elongat_on Ten- (;ross- El(>ngl,t)(,_ Ten- Cross- Elonsatlon

alle head Cross" Ex- Bile head Cross_ Ex- Bile head ]3-r6s-8_[_.x--3-- alle head Cross_ Ex-
Stress Travel head tens Stress Travel head| tens Stress Travel hen(]|tens Stress Travel head| tens

(psi)(in.)(_) (_) (pal)(ln.)(_)I (_) ,,pe_)(in.)(%)I('_) (pal)(in.)'(_)I (_)

0 0 O O O O O o 0 0 0 0

1,56o o.oo7! o.2o o.o4 935 0.005 O.14 0.o4 2,910 O.010 0.29 0.09

4,680 0.o18 o.51 o.13 3,270 o.o13 0.37 o.13 5,81o o.o2o 0.57 0.20

7,670 o.oz7 _ 0.77 0.24 7,480 0.025 0.71 0.30 8,960 0.030 0.86 0.34

10,9oo 0.037 1.06 0.36 10,3o0 0.034 0.97 o.#2 11,9o0 0.o4o 1.14 0.50

13,80o 0.o47 1.34 o.48 n,9oo o.o4e 1.2o 0.50 1_,4oo 0.050 1.43 o.64I

15,500 0.057 1.63 0.60 i_,400 0.052 1.49 0.63 16,100 0.060 1.71 0.75

17,000 0.067 1.91 0.64 16,5001 0.062 1.77 0.75 18_200 0.070 2.00 0.88

19,100 0.077 _._0 0.73 18,7OO! 0.072 2.O6 O.91 18,_OO 0.O7_ _.06 0.91

20,800 0.087 2.49 0.83

q
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Table B-18(cont'd)
Radlstlon-CryotemperatureTestData: DC-210/4 (Materlel L )

Type of Test Ambient-Air Hlgh Dose Type of Material Structural Laminate

Ult. Tensile StrenEth (avE) 21,400/2,540
Total ElonEetlon (evE)
Crosshead (__. -In. gsKe lenEth) 2.41

Extensometer----[2_.-In. EaEe length) 1.01

Crosshead Pull Speed 0.05

Date of Tenalle Test b-24-b 3

psi Radiation Exposure:
Gamma _3..9() 10

Neutron

tn./mtn
Date of Irradiation 5,29,63

e_8/_(c_
.l/Cm_

n/cm _

Specimen 1 Speclmen 2 Specimen 3 Specimen

Qus1Ity or Break B Quality o£ Break B Qusllty of Bresk B Quality or Break

Pull Speedo.OS--_--_i-n Pull Speedo.05--_--_ Pull Speed O.05--]-h_.f_[_ Pull Speed
Area 0.0387 eq ln. Area 0tO395 sq in. Are.8 0.03_'8------ aq In. Area -- sq ln.

Ten- Cross- Elon_atlon Ten- Cross- ElonKatlon Ten- Cross- ElonEntlo. Ten- Cross- E1onKatlon

stle head Cross- Ex- Bile head Croas_ Ex- Bile head _ .K_'-- stle head Croas_ Ex-
Stress Travel head tens Stress Trevel head/ tens StxTs8 Travel he,d I lens Stress Travel head/ tens

(psi) (in.) (_) (_) (psi) (in.) (_) | (_) {psi) (in.) (%) I (_) (psi) (in.) (_) | (_)

0 0 0 0 0 0 0 0 0 0 0 0

520 0.003 0.09 O.O1 760 o.004 O.ll 0.02 2,450 0.010 0.29 0.09

1,290 0.006 0.17 0.04 3,290 0.014 0.40 0.12 5,980 0.020 0.57 0.20

4,140 0.015 0.43 0.15 5,950 0.024 0.69 0.25 8,700 0.030 0.86 0.32

6,850 0.025 0.71 0.27 9,110 0.036 1.03 i0._0 12,0OO 0.0;40 1.14 0.45

9,700 0.035 1.00 0.41 11,900 0.0_6 1.31 0.55 14,9OO 0.050 1.43 0.59

12,800 0.0;45 1.29 0.56 14,800 0.056 1.60 0.71 18,200 0.060 1.71 0.73

15,400 0.055 1.57 0.70 17,200 0.066 1.89 0.85 20_hO0 0.070 2.00 0.84

17,8OO 0.065 1.86 0.83 18,70o 0.076 2.17 0.95 22,800 !o.08o 2.29 0.96

19,500 0.075 2.1_ 0.9_ 19,2o0 0.079 2.26 0.98 23,500 0.084 2.40 0.99

121,500 0.090 2.57 1.05

2.13
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Table B-19

Radlatlon-Cryotemperature Test Data: DC-2104 (Material L )

Type of Test LN2 Controls Type of Material Structural Laminate

Ult. Tensile Strength (avg)___2500/2,240 psi
Total Elongation (avE): -
Pull Rod ( 3.5 -in. gage length) 5.41 %

Pull Hod Spee--6-_--a_Break(avg) 0.010 in./mln
Pull Assembly Unit East
Date of Tensile Test 8_2---63

Radiation Exposure :

Gamma 0 erga/gm(C)

ovl o n// mmNeutron(E >2.9 Mev) 0

Date of Irradiation Not Applicable

Specimen l Speclmen 2 Specimen 3

Hod 5 Position 'i '"

Quality of Break A
Rod Speed 0.009 ' fn./ml_
Area 0.0390 sq in.

Tensile Pull-Rod
Stress Travel

 psl) (in.)

0 0

4,530

9,500

15,000

0.010

o.o23

o.o39

20,200 0.056

25,900 0.073

30,300 0.086

34,300 0.096

41,100 0.120

44,10o 0.134

45,700 0.140

47,500 0.147

50,000 0.157

53,100

55,700

o.169

0.181

*Based on pull-rod

*Elon-

ga_lon

0.29

0.66

i .ii

1.60

Hod___ Posltlon 2
Quality of Break A
Rod Speed 0.008 -- in./mln

Area ..... 0.0389 sg in.

Tensile
Stress

(p i)

0

3,730

_5,790

10,800

17,000

21,500

Pull-Rod
Tra ve i

(in.)

0

0.010

0.017

0.031

0.050

o.29

o.47

o.89

i .43

Rod 5Posltion 3
Quality of Break A
Rod Speed 0.012 in._nin
Area O.0406-- sq in.

Tensile
Stress

(psi)

0

4,530

8_220

15,600

20,700

26,900

Pull-Hod
Travel

(in.)

0.010

0.022

o.oa6

0 f.002

*Elon-
gation

0

0.29

0.63

1.31

1.78

2.402.09 0.063 1.80 0.084

2.46 26,100 0.077 2.20 33,400 0.106 3.03

2.74 31,800 0.092 2.63 38,300 0.128 3.66

3.43 37,100 0.109 3.11 40,800 0.138 3.94

3.73 44,600 0.138 3.94 43,200 0.151 4.31

4.00 48,900 0.157 4.49 45,500 0.161 4.60

4.20 50,800 0.167 _.77 48,200 0.172 4.91

4.49 51,900 0.177 5.06 49,900 0.181 5.17

o.19o 5.43

0.210 6.00

4.82

5.17

travel

51,400

52,800
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Table B-I__ (cont'd)

Radiatlon-Cryotemperature Test Data: DC-2104 (Material L )

Type of Test LN 2 Controls Type of Material Structural Laminate

Ult. Tensile Strength (avg) 50,600/X psi
Total Elongation (avg)z
Pull Rod ( 3.5-In. gage length) 4.97 %

Pull Rod Spee_BPeak (avg) 0.039 in./mln
Pull Assembly Unit West
Date of Tensile Test 419- -63

Radiation Exposure:
Gamma 0

Neutron(E < 0.48 ev_
Neutron(E > 2.9 Mev) 0 n/cm 2

Date of Irradiation Not Aoollcable

Specimen 1

Rod 5 Position 1
Quali-T_-_f Break B
Rod Speed 0.039 in./min
Area 0.0S50 sq in.

Tensile Pull-Rod
Stress Travel

(psi) (in.)

0 0

*Elon-

gation

0

5,620 0.016 0.46

12,100 0.033 0.94

18,800 0.053 1.51

27,ZOO 0.078 2.23

34,300 0.104 2.97

40,200 0.127 3.63

_4,900 0.146 4.17

47,800 o.!63

50,600 o.174

*Based on pull-rod travel

Specimen 2

Rod Posl tlon
Quaff Break

Rod Speed
Area

Tensile
Stress

(psi)

In./mln

sq in.

Specimen 3

Rod Position

QuaYi-_y of Break
Rod Speed
Area

Pull-Rod *Elon- Tensile Pull-Rod

Travel gatlon Stress Travel
(in.) (%) (psi) (in.)

in./min
aq in.

_El°n" I

gation

215



Table B-I_ (cont'd)

Radlstlon-Cryotemperature Test Data: DO-2104 (Material L )

Type of Test LN2 LowDose Type off Material Structural Laminate

Ult. Tensile Strength (avg) 51,200/2,240 psi
Total Elongation (avg): . _
Pull Rod ( 3.5 -in. gage length} 5.67 %

Pull Rod Spee_Break (avg) 0.093 in./min
Pull Assembly Unit West
Date of Tensile Test 4-25_-63

Radiation Exposure:

Gamma 6.5(9) ergs/gm(C_
Neutron(E<0,48 ev) 1 4(14) n/cm
Neutron(E>9.9 Mev)i[ 8151!4) n/cm _

Date of Irradiation 4-25-63

Specimen 1

Rod___.5___Positlon 1
Quality of Break. A
Rod Speed .....0.209 in./min Rod

Area . 0.0366 sq In. Area

Tensile
Stress

(psi)

0

1,640

3,140

9,700

20,400

26,600

35,100

44,400

Pull-Rod *Elon-

Travel gatlon
(in.)....
0 0

2

Specimen 2

l_od'_ Position
Qualit_ of Break B

Speed 0.031 in./min

0.0399 ....sq in.

O.005 0.14

O.012 O.34

0.028 0.80

O. 065 1.85

O. O86 2.45

0.120 3.42

o.159 4.53

0.205 5.86

Tensile
Stress

(psi)
0

1,380

3,010

6,640

14,300

21,500

28,000

Pull-Rod
Travel

(ln.)
0

o.oo6

O.OLO

o.o19

0.04o

0.067

0.092

*Elon-

gation

0.16

0.28

o.53

1.15

i. 91

2.62

Specimen 3

Rod 5__PositlS_
QuaTi-ty of Break
Rod Speed 0.039

Area 0,0392

Pull'-RodTensile
Stress

(psi)
0

1,870

3,330

10,100

17,300

24,900

31,800

Travel

(in.)

0

0.007

0.011

o.o31

o.o57

0.083

O.lO9

A
In./mln
sq In.

*Elon-
gation

0.19

0.30

0.89

1.63

2.37

3.12

33,1oo o.i17 3.33 38,4oo o.136 3.87

53,1oo 39,600 o.145 4.13 4.3,700 o.159 4.53

43,300 o.16o 4.57 48,0o0 o.179 5.11

47,300 0.178 5.08 51,300 0.205 5.85

49,300 0.186 5.30

*Based on pull-rod travel

NOTE: All these specimens delaminated badly.
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Table B-21 (cont'd)

Radiation-Cryotemperature Test Data: Teflon TFE-7 (Material Q )

Type of Test LN 2 Low Dose Type o£ Material Dielectric Material

Ult. Tensile Strength (avg) 7990/505 psi
Total Elongation (avg): ....

Pull Rod ( 4.0 -in. gage length) 2.22 %
Pull Rod Spee-_Break (avg) 0.02-_.7_n

Pull Assembly Unit East

Date of Tensile Test 9-__IU7-63--- __ Date of Irradiation 9,10-63

Specimen 1 ipecimen 3

Rod 5 Position 1

Radiation Exposure:

Gamma i. 1 (8) e rgs/gm(C)
Neut{on(E<0,48 ev}l.4_12) n/cm2

Neutron(E>2.9 Mev)" 2_i(I_)n/cm 2

Quality of Break B

Rod Speed -- '.in./min
Area C]'0616 sq in.

Tensile

Stress

(psi)

Pull-Rod

Travel

(in:)

*Elon-

gation

Specimen 2

Hod 5 Position 2

Quall_ of Break B

Hod Speed 0.025 .....in./mln

Area 0.O624 sq in.

*Based on pull-rod travel

Tensile

Stress

.(psi)

Pull-Rod

Travel

(in.)

*Elon-

gaLlon

Rod5Posltlon .......

Quality off Break B

Rod Speed O.026 in./iln

Area 0.0629 sq in.

Tensile Pull-Rod

Stress

(psi)

*Elon-

gation

* 0 0 0 0 0 0

321 0.006 0.15 795 0.012 0.30

1,120

2,570

0.017

0.026

0.036

o.o45

o.o54

0.063

o.o74

o.o83

o.o93

0.43

0.65

0.90

1.13

1.35

1.58

i .85

2.08

2.33

5,690

6,730

7,130

2,540

4,060

5,410

6,360

7,320

7,950

8,270

7,460

0.024

0.034

0.043

0.052

0.062

0.073

0.084

7,7.00

0.60

O.85

1.08

1.30

1.55

1.83

2.10

*Ice formation on rod ruined data on this specimen.
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Table B-21

Radlstlon-Cryotemperature Test Data:

Type of Test LN_ High Dose

Ult. Tensile Strength (avg)8,690/266 psi
Total Elongation (avg):

Pull Rod ( 4.0 -in. gage length) 2.15 %

Pull Rod Spee--e-_Break (avg) 0.036 in./min
Pull Assembly Unit East
Date of Tensile Test 9-10-63

__(cont'd)

Teflon TFE- 7 (Material Q )

Type of Material Dielectric Faterlal

Radiation Exposure:

Oama 1.1(9) ergs/g.(c 
Neutron(E<0.48 ev) 1.4(13) n/cm 2
Neutron(E>2.9 Mev) 2.1(i_) n/cm

Date of Irradlstlon 9-10-63

Specimen 1 Specimen 2 Specimen 3

4 Rod 5 Position 5 6Rod 5 Position

Quality off Break C

Rod Speed 0.037 In./mln

Ares 0,0591 sq in.

Tensile

Stress

(psi)

0

1,050

1,890

3,250

4,770

6,040

7,220

8,150

8,570

8,910

Pull-Nod

Travel

(in.}

0.007

o.o13

0.021

o.o31

o.o41

0.053

0.066

0.079

0.095

*Elon-

gation

0

0.18

0.33

0.53

0.78

i.03

1.33

i .65

1.98

2.38

Qual-T_y of Break

Nod Speed 0.036

Area 0.0591

C

in./min

sq in.

Tensile

Stress

(psi)

676

1,610

2,960

4,480

5,830

7,100

7,980

8,460

Pull-Rod
Trave 1

(in.)

0.007

o.o13

0.021

o.o31

0.041

0.052

o.o65

o.o78

0.18

0.33

0.53

0.78

1.03

i.30

1.63

1.95

Rod 5 Position

Quality of Break D

Rod Speed O.Oq4 in./mln

Area 0.0508 sq in.

Tensile

Stress

(psi)

0

658

1,400

2,300

3,490

4,770

6,170

7,330

8,310

8,690

Pull-Rod

Travel

(In.)

0

0.006

0.012

o.o17

0.026

o. 037

o.047

0.057

*Elon-

gation

0.15

0.30

0.43

0.65

0.93

1.18

1.a3

0.070 1.75

0.085 2.13

*Based on pull-rod travel
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APPENDIX C

DETERMINATION OF AN EQUATION TO MEASURE
THE COEFFICIENT OF THERMAL

CONDUCTIVITY USING THE CYLINDRICAL GEOMETRY APPROACH

The coefficient of thermal conductivity is defined as

the quantity of heat that will flow across a unit area in

unit time if the temperature gradient between the two surfaces

through which heat is flowing is unity. For heat flow through

the flat surfaces of a material of thickness x, with flow

perpendicular to the surface, the following relationship is

thus established:

k

q/A = (TI - Te)

where

q/A = rate of heat flow through a unit area of the

surface,

k = coefficient of thermal conductivity,

x = thickness of the material, and

T1-T 2 =_T across the thickness x (T 1 being the higher
temperature).

The coefficient of thermal conductivity can also be de-

fined as the proportionality constant between the heat per

unit time crossing a unit area and the temperature gradient.

The temperature gradient through a material can be expressed

as the rate of change of temperature with change of distance

(dT/dL) and is always measured in the direction of flow.

Then, the rate of heat transmission by conduction across an

area, A, of any homogeneous material is given for the steady-
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state condition by Fourier's law as

dT
q = -kA

dL

The negative sign is used to give a positive value to

q, since the temperature change in the direction of flow is

negative° The above equation may be integrated as follows:

- L2 I T2
dL - kdT.

q IL 1 7- = T I

Now k will vary with temperature, or

k = f(T),

so that

I L2 dL-7-
L 1

But the term

ITL 2 f(T)dT

T 2 - TI

is the mean value of f(T) between T 1 and T2, which in this

case is equal to km, the mean value of k over this tempera-

ture range° Therefore,
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dL

A
- __ (T2 - TI)

Or

q _.

j L2 dLA
L 1

Hence, the term

- kdT

T

has been replaced by km (T I - T2) , irrespective of the relation

between A and L.

Now the equation

q

km (TI - T2)

L2 dLA

L I

may be written as

q

(T 1 - T 2)
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In this form, the equation may be compared to Ohm's law in

electrical circuits,

E
R

where the term

L
i_ d__ L

km A

L 1

can be regarded as the thermal resistance, or Rto

Then,

q

T I - T 2

Rt

The geometry for radial conduction through thlck-walled

cylinders is shown in Figure C-l_ If the area A for an annulus

of length h is 2_rh and the thickness is dr, then

L
Rt = i dL

km A

L I

fl r 2
dr = 1 (_n ) .

k m 2_rh 2_kmh r i

i

If this expression for R t is substituted into the above equation

and the diameter ratio D2/D 1 is substituted for r2/r l,for q,

then
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2_h_ (T1 - T2)
q ..

_n (D2/D l)

If concentric cylinders of different materials are used,

the composite thermal resistance is equal to a summation of

the individual resistances. In other words, it represents,

in the electrical analog, a series system.

If there are two concentric cylinders consisting of materials

with different coefficients of thermal conductivity, and the

system is in a steady-state condition,

where

q

2_-h(T I - T 3)

1

km I

__ (_nD2;+ 1
D1 k.2

(_nDB )
D2

kml = k for inner cylinder,

km2 = k for outer cylinder.

D 2 = Outer diameter of outer cylinder

and T3 = Temperature of outer edge of outer cylinder

From the above equation for q,

or

1 (_n D---_2) + 1 ($n--D3) = 2_h(Tl - T3)

km I DI ., km2 D2 q

1 D 2 2vh(T 1 - T 3) 1 (_n DB )

kml(_n_ )-- q _2 D2
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and

1

2_h(T 1 - T3)/q km (_n DD_32 )
2

km i - D 2 D 2

_n DI _n-_- I

The planned test involved the measurement of k for various

foam-type thermal-insulation materials. A system of three

concentric cylinders was used (Fig. C-2). Since the Inner cylinder

was the heat source, only the middle and outer cylinders were

significant in calculations of heat flow out from the center

heater. In this test, the middle cylinder was a foam test

specimen, and the outer cylinder was an aluminum outer casing.

Therefore, kml in the above equation is k for the foam and

km2 is k for the outer casing. An approximate value for kml/km2

is 0.0002. Also the term D3/D 2 is approximately equal to

1.09. So, for all practical purposes,

1

km 2

D3 ) =0
($n D--7

Therefore, for this test,

D 2
__ q (_n )

D 1
k

ml : 2 h(T 1 - T)

where T 2 and T 3 are considered to be equal because of the high

coefficient of thermal conductivity of the aluminum outer casing.
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Validity of the above expression for kml (which is k

for the test material) depends upon the complete expendi-

ture of the heat q radially through the test specimen, and

over the total length h.
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APPENDIX D

OPERATIONAL CHECKOUT TEST FOR LIQUID-NITROGEN DEWAR

The main purpose of this test was to demonstrate the possi-

bility of conducting safe, explosion-free tests that involve the

irradiation of dewars containing large amounts of boiling liquid

nitrogen. During the course of a test, the amount of liquid nitro-

gen that is boiled off approaches hundreds or even thousands of

gallons. The operational checkout test was instigated at NARF as a

result of the occurrence of several small detonations in LN 2 dewars

during past irradiation tests at the facility.

D-1 History

After the 22 April 1963 irradiation tests, inspection of the

west dewar revealed that the walls to the main cryogen chamber had

ruptured at the welds around the bottom (see Fig. 3.3). An investi-

gation was begun immediately to determine what had taken place and

why.

Since nothing of an unusual nature had occurred during the

tests, a check was made of the cryogen-chamber pressure-transducer

recorder chart for the period during postirradlatlon warm-up. Six

pressure pips, spaced approximately I0 mln apart, were found to be

recorded on the chart about 6 to 8 hr after shutdown of both the

reactor and the LN 2 flow. This h_ppens to be the approximate time

required to boll off a 16-gal chamber of LN 2. It was also ascer-

tained that personnel in the reactor area had heard a sound re-

sembling a muffled• explosion at about the time the pressure pips

were recorded.
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It is known that ozone is formed by irradiation of oxygen,

and reference to the boiling point of LOX and LN 2 revealed that

LOX impurities in continuously supplied boiling LN 2 would build

up in concentration. A check of the sources of supply for LN 2

delivered to NARF during 1962 showed that those sources used (when

several LN 2 irradiations were carried out without incident) had

supplied LN 2 with a guaranteed LOX content of less than 20 ppm.

On the other hand, the LN 2 used in 196B (for the irradiation

tests involving the detonations described above) all came from a

source which furnished tank analyses showing an LN 2 purity of 99.8%.

The possibility that the remaining 0.2% could be mostly LOX thus

indicates that in the process of boiling off as much as 5000 gal

of LN 2, the L0X content in the dewar could gradually build up to

a total of approximately 5 to I0 gal. With this amount of oxygen

being transformed into ozone, resultant ozone dissociation re-

actions could very well be severe°

D-2 Technical Considerations

Evidence has pointed out the fact that L0X impurities exist

in commercially supplied LN2 in a concentration of up to 0.2%.

Also, it is known that LOX, with a boiling point of 90°K, will,

when mixed with boiling LN 2 at 77.4°K, remain in the liquid state.

Therefore, it can be calculated that when from lO00 to 2000 gal of

commercial LN 2 are boiled off in a large dewar, LOX in amounts

approaching several gallons could be accumulated.



Two additional facts dovetail into the overall picture.

First, molecular oxygen, under the influence of nuclear radiation,

transforms into ozone (Ref. lO ). Whatever the mechanism is for

the overall ozone yield, radiation initially produces ions, atoms,

and excited molecules in the oxygen. These species may be pro-

duced by reactions such as the following:

0 2 _0_ + e- (1)

02 -------_0 _ or 0 + O- (2)

02 -_v_A_b-O + + 0 + e- or 0 + + 0-

02_02 or 0 + O.

(3)

(4)

Ozone may then be formed by many reactions, some of the more Ira-

portant of which are:

O_ + 0,_--,,-0 3 + 0

----02 + 02

----02 + 0

@

"-"_0 2 + 0

+0

+0

(5)

0 + 0 2 + M---._O3 + M

0 2 + 02-4_03 + O.

(6)

(7)

* The asterisk (*) in the formulas indicates a molecule or atom

in an activated state.
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Second, this radlation-produced ozone will then, under the

influence of organic or other types of sensitizers and of cata-

lysts (M), dissociate into molecular and atomic oxygen according

to such reactions as

03 + M---_O 2 + 0 + M

0 + 03----,-202 .

(8)

(9)

These dissociation reactions are highly exothermic and may, under

proper conditions of confinement, be explosive.

A vivid enactment of this chain of events (which is in ad-

dition to the incident described above) is believed to have taken

place during a SNPO irradiation at NARF during the third week of

May 1963. A dewar of 20-gal capacity was filled with LN 2 and

irradiated at various reactor power levels for a period of 16 hr.

During this time, the LN 2 was boiling out of the dewar at a rate

of from 20 to 40 gal/hr, with the loss being continuously made

up from an outside supply tank. The reported purity of LN 2 in

the supply tank was 99.8% with the remaining 0°2% being mostly LOXo

At the end of the Irradlation run, the dewar was positioned

on the horizontal track of the escalator (shuttle) system and the

LN 2 supply shut off. Approximately 4 hr later (this period of

time being Just about sufficient to boil off a subcooled dewar of

LN2),several loud detonations occurred in the dewar and witnesses

noticed a distinct odor of ozone in the area.
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On the basis of calculated (and measured) LN 2 boil-off rates

during irradiation tests of existing dewars, it has been determined

that anywhere from I000 to 3000 gal of LN 2 will be consumed in a

50-hr test. From this it can therefore be assumed that use of LN 2

with a purity of 99.8% or less in these dewars could result in

ozone explosions during irradiation tests. On the other hand, it

can also be assumed that if LN 2 with a guaranteed LOX content of

less than 20 ppm is used, any ozone formed will be insufficient in

quantity to produce detectable detonations. This test was an

attempt to establish a high degree of reliability for the latter

assumption.

D-3 Test Description

The checkout test, using modified NASA dewars built at NARF

under NASA Contract NAS8-2450, was conducted at NARF with the GTR

as the radiation source. The dewar (Fig. D-l) is a four-walled,

all-alumlnum vessel which, after modifications from the original

design, utilizes a double-reverse path for evaporated cryogen to

act as thermal insulation for the central cryogen chamber. The

outermost chamber contains a SiO 2 thermal-insulation material.

The test consisted of irradiating the dewar for a 13-hr

period, during which time approximately 400 gal of LN 2 (with a

tested LOX content of less than 20 ppm) was boiled away in the

cryogen chamber. During the run, the temperature of the bottom

of the cryogen chamber was monitored to detect any change from

that of LN2, since a different temperature would indicate the

presence of a significant amount of LOX or ozone.
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At the end of the irradiation period, with the chamber still

filled, a 1-gal sample of the contents of the bottom of the chamber

was retrieved and allowed to boil away in a restricted area to check

on the possible presence of LOX or ozone.

D-3.1 _ Expe_imental EquiPment

The dewar shown in Figure D-I was used. It was fastened to

the underside of a standard NASA tensile assembly that served as a

top cover for the cryogen chamber. The dewar contained 4000 cc of

lead to provide an added source of gamma heating and thus increase

the LN 2 boil-off rate. A 500-gal portable LN 2 supply tank was used

with an Armaflex-insulated, i/2-1n, soft-copper supply line. Temp-

erature in the bottom of the cryogen chamber was monitored with a

Brown recorder and a copper-constantan thermocouple. A liquid-

level probe was attached to the underside of the dewar mounting

plate. A pressure relief valve was mounted on the mating flange of

the upper tensile assembly and served to relieve any pressure in the

cryogen chamber in excess of 7-1/2 psi. Helium under low pressure

was fed into the dewar during the run from a helium bottle and regu-

lator.

Evaporated cryogen was bled out of the dewar through a 1-in.

gate valve. A cylinder of helium gas was used with a pressure

regulator to purge the entire system prior to initiation of the LN 9

flow. Sampling of the liquid in the bottom of the cryogen chamber

at the end of the run was accomplished by pressurizing the dewar to

7 psi and forcing LN 2 back out the supply line and into a 1-gal open

dewar.
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D-3.2 Test Procedure and Results

The dewar, with attached tensile assembly, was positioned in

the support framework, which then was attached to an escalator pallet

on the horizontal tracks Just north of the handling area in the GTR

Radiation Effects Test Facility. Helium gas was then applied to the

SiO 2 packing in the dewar under 5 psi for a 1-hr period. This

thoroughly permeated the SiO 2 fibers with helium. A thermocouple

harness, a llquld-level harness, an LN 2 supply line, a helium sup-

ply line, an evaporated cryogen outlet line, and a pressure relief

valve were attached to the proper connections on the dewar cover

plate (Fig. D-2). The entire assembly was then lowered into irradi-

ation position.

With the LN 2 supply line disconnected at the supply tank, the

entire system was purged with helium gas through a connection on

top of the dewar° The helium supply was then shut off, the gate

valve on the end of the evaporated-cryogen outlet opened wide, the

LN 2 supply llne connected to the tank, and LN 2 flow started. The

dewar-filllng operation proceeded normally and, when the liquid

level reached the top resistor on the liquid-level probe, LN 2 flow

was reduced to match the boil-off rate. The reactor was then

started, brought to a 3-Mw power level, and operated for a 13-hr

period. The boil,off rate during the test varied from a maximum

of 35 gal/hr at the beginning of the test, before the dewar had

subcooled, to a minimum rate of 18 gal/hro The average rate was

20 gal/hr. This was with the dewar located on the west irradiation

pallet, with the reactor operating at 3-Mw, and with 4000 cc of

lead in the cryogen chamber°
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After completion of the run, the reactor was retracted, the

LN 2 supply shut off, and _e assembly raised from irradiation posi-

tion to the top edge of the pool. The LN 2 supply llne was then

disconnected from the supply tank and diverted to the open l-gal

dewar. The valve on the end of the evaporated-cryogen outlet line

was slowly closed and pressure inside the dewar monitored with the

pressure transducer. Pressure in the system rose gradually as a

result of cryogen boil-off in the dewar and leveled off at 7 psi.

This pressure then forced LN 2 out of the dewar and back througJu

the LN 2 supply line. The supply line had warmed up in an interim

period and most of the contents of the dewar flashed to gas before

reaching the small, open, specimen dewar. Liquid flow from the line

began eventually, however, and a l-gal specimen was obtained. Dur-

ing the initial flow of gas, a mild odor of ozone was detected, but

it had disappeared by the time the liquid was collected.

This liquid specimen was allowed to boll away and was ob-

served during the boil-off period by personnel wearing protective

clothing and face shields. During boil-off, the remaining liquid

gradually turned dark blue in color, possibly implying the pres-

ence of ozone. No odor of ozone was detected, however, and no

detonations occurred.

Nothing unusual was noticed by instrumentation for the test

dewar during the 13-hr irradiation period, and no explosions were

heard. _v pressure or _,_=_-mvu_-_ changes were recorded and boil-

off rates were normal. After completion of the purging operation

at the end of the test, the dewar was opened and examined. Neither
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changes in the structure nor any other evidence of detonations were

found.

D-4

h

Future Operational Procedures for NASA Dewars

D-_.I Structural Modifications

To comply with planned operational procedures, two structural

modifications to the dewars were necessary. These were (I) instal-

lation of a 1-in. drain line from the inside bottom of the cryogen

chamber, through the four walls of the structure, to the outside,

and (2) reinforcement of the third wall out from the center of the

dewar with I/4-in.-thick aluminum plate on all four sides and bottom.

The drain line was installed flush with the location of the

cryogen chamber to permit complete drainage ofany liquid in the

chamber. A two-way solenoid valve was installed at the outlet of

this line. The I/_-in.-thick plates were welded to the existing

third wall out from the center of the dewar and are, in addition,

welded, plate-to-plate, at the edges. The next-to-outer chamber

of the dewar (Fig. D-I) was pressure-checked to 20 psi.

D-4.2 iOperationalProcedures

Subsequent irradiation tests at NARF which involved the evap-

oration of large quantities of LN 2 utilized the NASA dewars (Fig.

D-l) with modifications as described above. Standard procedure dur-

ing operation included use of a liquid-level sensor, a pressure

transducer to monitor dewar pressure continuously, a pressure relief

valve, a continuous helium purge in the cryogen chamber, and con-

tinuous temperature measurement. A preirradiation purge of the SiO 2

insulation in the outer chamber was also made.

The results of the test described above went far toward estab-

lishing an explosion-free reliability for liquid-nitrogen irradiation
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tests that use only ultra-pure (20 ppm or less) LN 2. Modifications

to the dewar as described above made possible the use of an added

safety feature. Instead of merely boiling off the LN 2 in the dewar,

the contents of the cryogen chamber could be purged by either of

two methods. First, the solenoid valve in the end of the 1-in.

drain line at the bottom of the cryogen chamber could be opened

remotely and the contents drained out by gravity flow. Second,

the pressure relief valve could be set at 15 psi, the evaporated

cryogen outlet llne valved off, the solenoid valve closed, the LN 2

supply llne unhooked at the supply tank, and helium pressure applied

through the purge llne to force liquid back out the LN 2 supply llne.

This purging operation could take place, say, every 8 hr during an

irradiation run to eliminate any possibility of an increase in L0X

or ozone concentration. q
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APPENDIX F

STATISTICAL ANALYSIS OF SCOTCHWELD AF-40 AND

AEROBOND 422J ADHESIVES

This appendix contains the results of an analysis of ten-

sile-shear-strength data for two lap-shear adhesive materials,

classified as material A (Scotchweld AF-40) and material B (Aero-

bond 422J).

F-I Basic Experimental Plan

The original experimental plan was based on a factorial

arrangement of two factors to be investigated: temperature and

radiation. Each factor was to be investigated at three levels,

making a 32 factorial, or nine treatments. The nine treatments

are shown in the following array:

Temperature

T - __

t o (Ambient-alr)

tl (LN2)

t2 2)

Radiation Exposure

do d I d 2
(zero) (low) (hlgh)

doto dlto d2to

dotl dltl d2t I

dot 2 dlt 2 d2t 2

The physical limitations of the testing apparatus for one

replication of the basic experiment allowed three samples per

treatment. Five specimens could be cut from a single lap-shear

sheet of material A and eight from material B. Since nine treat-

ments were required for each material, it was impossible to run

the experiment on one homogeneous groBp of specimens from one
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sheet. Therefore, the experiment was designed in a manner to

remove from the analysis the effect of the differences between

sheets.

Three of the five samples cut from each of nine sheets of

material A were allocated to the main experiment. The two remain-

ing samples from each sheet were set aside for testing in a "side

experiment" to estimate an adjustment for normalizing the data

to an overall sheet average. Since eight specimens could be cut

from a single lap-shear sheet of material B, a different allo-

cation of the samples was made that resulted in a slightly different

experimental arrangement.

F-2 Analysis of Experimental Data

The above was the basic plan of the experiment. What follows

is an analysis of the data from the experiment as it has progressed

thus far.

The LH 2 set of treatments (dot 2, dlt 2, and d2t 2) has not been

run; therefore, only a 3 x 2 factorial, or six treatments, has been

completed. The 18 material A samples (two from each of nine sheets)

were tested in February 1964o The control data (treatment todo)

for the main experiment were obtained in April 1963. The average

control value of 5230 psi from the "side experiment" obtained in

February 1964 differed from the April 1963 control average of 6220

psi by -990 psi. A 95% confidence interval on the difference is:

-990 psi * 410 psi°

This significant change seemed contradictory to other experi-

ments conducted on similar materials, so that sources of possible
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biases were investigated. When no explanation was found, more

samples of the remaining sheets were tested during March 1964.

Table F-I is a summary of the control data from the three tests.

Table F-I

Summary of Material A Control Data

April 1963

Avg. Ten°
Shear

Sheet Strength

NO. (psi)

1 6485

2

3
4 5590

5
6
7 6310
8
9

lO

ll

12

13

Number

of

Samples

2
n

m

1

February 1964

Avgo Ten.
Shear

Strength
(psi)

5o6o

6120

5565
5410

Numbe r

of

Samples

i

i

2

2

March 1964

Avg. Ten.
She a r

Strength
(psi)

m

1

m

u

m

I

I

4

4955

5295

4935

5445

5275

4615

2
2
2
2
2

2

18

i

6640

m

w

5812
6128

5112

Number

of

Samples

2
m

m

m

5
5
5

17

This interval is calculated from the "between" and "within" compo-

nents of variance. The estimates are given below:

between

within

'combined

^

_combined

= 489

-- 371

598 (by analysis of

variance method)

591 (by range method)
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With a possible range in the control data of from 4100 psi to

7100 psi, it is difficult to detect small differences unless the

differences are quite large compared to the variation or unless

the number of samples per trial of the experiment is increased.

In the above case, the "between" component of variance is

significantly larger than the "within" component, which indicates

a highly variable bonding method. Bonding larger sheets so that

more samples can be obtained from each sheet givesa more homogeneous

group of material samples with which to conduct lap-shear experi-

ments. This would decrease the combined variation, but only to

the minimum limit of the "within" component.

On the basis of the test results, it was deemed impractical

to make an adjustment of the data to an average sheet value° There-

fore, the analysis was made by combining the "between" and "within"

sheet variation which inflates the sampling error and lowers the sen-

sitivity of the experiment.

The analysis deals with only a part of the whole experiment,

since the LH 2 portion has not been run° The six treatments com-

pleted comprise three levels of dose - do , d l, and d 2 in a pro-

gression of approximately 0, l, and 6 - and two levels of tempera-

ture - t o (ambient) and tI (LN2)o Table F-2 is a summary of one

replicate of the experiment of material Ao

The main effect of temperature (T) occurs at two levels and

the main effect of dose (D) occurs at three levels° The inter-

action between T and D can be obtained from the differences between

the two rows of Table F-2o

280



t o

tI

Table F-2

Average* Values of Test Results for Material A
(psi)

do dl

6037

2707

6220

3980

totals i0,200 8744

Average 5622 4372

*Average of 3 samples per treatme nt.

d 2

2620

1040

3660

1830

Totals

14,877

7,727

22,604

The effect of T is estimated separately at each level of D,

the estimates being the difference between tI and to:

do d I d 2

(t I - to) -2240 -3330 -1580

Any comparison among these three values is a measure of the effect

of D on the response to T and is therefore a component of the

interaction between T and D. Since we have a response to D at

three levels of increasing dose, we may consider both the linear

and the quadratic components of the response curve. Table F-3 is

an analysis-of-varlance summary of the data from Table F-2. This

analysis conslders the six treatment averages in some detail.

A pooled estimate of the sampling* error,_ = 357,604, with

33 degrees Of freedom was used to test the significance of the

results of this one experiment.

*This sampling error is not the experimental error required to
estimate from the part to the whole. It can be used to test the

significance of the results of this experiment° To estimate the

experimental error would require a partial replication of the

basic experiment under the same testing conditions.
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Table F-3

Analysis of the Variance of the Average Tensile
Shear Strength Values for Material A

Source

Temp o

Dose (_')

TxD

Total

Preliminary

Degrees of
Freedom

1

2

2

5

Analysis
Sums of

Squa re s

8,162,001

11,392,336

810,521

20,364,858

Mean

S qua re s

8,162,001

5,196,168

405,260

Source

T

DLinear

D
Quadratic

TXDLinear

TXDQuadratic

Detailed Analysis

Degrees of Sums of

Freedom Squares

1

1

1

1

1

Mean

o r Squa re s

8,162,001

11,392,128

207

273,241

537,280

In the preliminary analysis, the main effects of T and D

are significant° The detailed analysis divides the D effect

into its linear and quadratic components, both as a main-effect

D and as an interaction TXDo The linear component, DL, and T

are significant at a confidence level of 99%; the DQ is not sig-

nificanto The interaction components TxD L and TXDQ are not sig-

nificanto A generic plot of the data is illustrated in Figure F-1.
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2000 tl

I
o 1

Relative Dose

Figure F-I Response Curves for Material A

A similar analysis was performed on the data for material

B. The average control value of 2312 psi obtained in February

1964 differed from the average control value of 2540 psi obtained

in April 1963 by -228 psi.

difference is:

-228 psi

A 95% confidence interval on the

126 psi.

As with material A, material B was tested at two radiation

doses (plus zero dose) and two temperatures, so that data for six

treatments instead of nine were obtained. Thus, these data were

analyzed under the same criteria as material A, that is, the

"between" and "within" sheet variation were combined, inflating

the sampling error with a corresponding loss in sensitivity.

The preliminary analysis of variance (not listed) of the

data for materlal B showed a significant effect of temperature

(T) at a 90% confidence level. Since the other effects were not

significant, the linear and quadratic components subdivision was

not considered. Although the data Indlcated a radiation effect
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at tld 2, the experiment was not sensitive enough to detect the

change, if it existed. Figure F-2 is a generic plot of the data

for each level of temperature, to and tl, and for the three levels

of dose.

O_

3000

2OOO

t 1

0 I

Relative Dose

F-3

Figure F-2 Response Curves for Material B

Results and Recommendations

The results are summarized below:

i@

e

Temperature (ambient to LN 2) and radiation decreased
the tensile-shear-strength properties of the lap-

shear samples of material A.

Temperature (ambient to LN_) increased the tensile-

shear-strength properties Gf the lap-shear samples
of material B.

The following recommendations are made:

IQ Some replication of the basic experimental plans
should be conducted to guard against and/or dis-

cover chanoe occurrences of the type discussed

above and to obtain a valid estimate of the experi-

mental error°

e The size of the bonded lap-shear sheets should be

increased so that more samples per sheet can be

obtained°
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